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P. J. Du Torr (1923). 
THE TRANSMISSION of anaplasmosis in na- 
ture remains an interesting and most 
puzzling problem. DuToit® stated that “In 
nature anaplasmosis is transmitted exclu- 
sively by ticks,” but Sergent and co- 
workers,** after reporting various attempts 
to transmit this disease experimentally by 
ticks indigenous to North Africa and by 
stable flies, Stomoxrys calcitrans, stated la 
question du mode de transmission de l'ana- 
plasmose dans la nature reste obscure et de- 
mande de nouvelles recherches, that is, the 
question of the mode of transmission of 
anaplasmosis in nature remains unsolved 
and requires further research. 

Anaplasmosis is a disease of worldwide 
occurrence and it has occupied the atten- 
tion of investigators in many countries. 
The records of the work of these investiga- 
tors, published in many languages, are 
found scattered throughout the world liter- 
ature on this subject. Some of these rec- 
ords are readily available, others are rela- 
tively inaccessible. The purpose of this 
paper is to present the records of experi- 
ments dealing with the transmission of ana- 
plasmosis and to analyze the results of some 
of these experiments, in order to facilitate 
the further research on this problem which 
is necessary. 


One of the most extraordinary features 


of anaplasmosis is the readiness with which ° 


it has been transmitted mechanically by 
various types of surgical instruments and 
mechanically and biologically by various 
types of arthropods. This is a striking con- 
trast to the methods of transmittal of such 
diseases as malaria, yellow fever, piro- 
plasmosis, and theileriasis, which are trans- 
mitted under natural conditions by rather 
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definite and circumscribed groups of in- 


sects and arachnids. Mosquitoes of the 
genera Anopheles and Aedes are practi- 
cally the sole natural vectors of human 


malaria and yellow fever; ticks of the genus 
Bodéphilus serve the world over as the nat- 
ural vectors of bovine piroplasmosis; and 
the members of the tick genera Rhipicepha- 
lus and Hyalomma are the principal vectors 
of theileriasis; but it has been demonstrated 
experimentally that anaplasmosis can be 
transmitted by ticks belonging to different 
genera and by various kinds of flies and 
mosquitoes 

1) Transmission of Anaplasmosis by 
licks.—In areas where both piroplasmosis 
and anaplasmosis occur in cattle in the pres- 
ence of the common vectors of piroplas- 
mosis, namely Bodphilus annulatus, Boophi- 
lus microplus, Bodphilus decoloratus, and 
Botiphilus calcaratus, these ticks have been 
considered, both on epizoédtiologic grounds 
and on the basis of successful transmission 
experiments, as efficient vectors of anaplas- 
mosis. However, in some experiments, it 
has not been easy to effect transmission by 
these ticks, and other genera and species 
of ticks have been shown experimentally to 
be potential natural vectors of this infec- 
tion. 

Results obtained by various investigators, 
in their attempts to transmit anaplasmosis 
by means of ticks, are shown in tables 1 
and la. 

In the experiments recorded in table la, 
only single stages of ticks were involved 
and the column “Stages of ticks involved 
in experiments” therefore been omit- 
ted.* 

The names of the ticks used in the tables 
and throughout the paper are the names 
used by the authors cited. The writer 
assumes no responsibility for their cor- 
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The data presented in table 1 show that, 
under experimental conditions, anaplas- 
mosis has been transmitted from infected to 
susceptible animals by various species of 
ticks. The successful transmission by B. 
decoloratus, B. microplus, Rhipicephalus 
simus, Rhipicephalus bursa, Hyalomma lusi- 
tanicum and I rodes ricinus, and the negative 
results obtained with B. calcaratus, R. 
bursa and Hyalomma mauritanicum, have 
been listed on the authority of the authors 
whose names appear in the table. 

With the possible exception of J. ricinus, 
the above mentioned ticks do not occur in 
the United States, and the present writer, 


not being familiar with conditions prevail- 
ing in the countries in which these ticks 
occur, does not feel competent to discuss 
their role as vectors under the natural con- 
ditions of their normal habitat. 

Since the tick eradication campaign is 
practically completed, B. annulatus and B. 
microplus need no longer be considered as 
possible vectors of anaplasmosis in the 
United States in the greater part of the 
area originally included in the tick quar- 
antine line. These ticks must, however, be 
considered as potential vectors in the limi- 
ted areas in the United States in which 
they still occur and in borderline areas 


TABLE |a-——Results Obtained by Various Investigators with Ticks Tested Experimentally as Vectors of Anaplasmosis 


Author(s) 
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subject to reinfestation. It is interesting 
to note that, of the eight attempts to trans- 
mit this infection experimentally with B. 
annulatus, only one was successful. 

The table shows successful larva-to- 
nymph and nymph-to-adult transmission 
for Rhipicephalus sanguineus. No transo- 
varian transmission could be demonstrated 
in three experiments. Successful larva-to- 
nymph, nymph-to-adult, and adult-to-larva 
(through the egg) transmissions are shown 
for Dermacentor andersoni, but failure to 
effect stage-to-stage and _transovarian 
transmissions are also recorded. The rec- 
ord for Dermacentor variabilis shows suc- 
cessful larva-to-nymph and nymph-to-adult 
transmissions, but all attempts to show 
adult-to-larva transmission with this tick 
have failed. Failure to transmit the infeec- 
tion from carriers with this tick is also 
recorded. In the case of Dermacentor 
occidentalis, one successful adult-to-larva 


TABLE 2—Instances of Transmission of Anaplasmosis by Unclean Surgical Instruments 


TRANSMISSION OF ANAPLASMOSIS 9 


transmission is reported; also, in the case 
of Dermacentor albipictus, one nymph-to- 
adult transmission. Three larva-to-nymph 
attempts were made for Jrodes scapularis; 
one was successful, two were failures. 


Since the ticks D. occidentalis, D. ander- 
variabilis, D. albipictus, R. san- 
guineus, and I. scapularis, in which either 
successful stage-to-stage or transovarian 
transmission has been demonstrated experi- 
mentally, occur in the United States, it 
appears to be in order to consider thefr 
possible role as vectors of anaplasmosis 
under natural conditions, on the basis of 
available evidence. 


soni, D. 


Dermacentor occidentalis must be con- 
sidered as a potential vector within the 
range of its geographic distribution, be- 
cause transmission of anaplasmosis from 
adult-to-larva has been demonstrated in this 
tick, and it has also been reported that all 
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stages (larva, nymph, and adult) have been 
found on cattle 

The role of D. andersoni as a possible 
vector under natural conditions is in need 
of further investigation. There appears to 
be some correlation between the seasonal 
occurrence of the adults of D. andersoni 
on cattle and the seasonal occurrence of 
anaplasmosis in some areas of the geo- 
graphic range of this tick. Stage-to-stage 
and adult-to-larva transmissions have been 
demonstrated experimentally. However, the 
larvae and nymphs have not yet been re- 
ported as occurring on cattle and, accord- 
ing to Cooley,’ it takes two years to com- 
plete one generation Unless, therefore, 
it can be shown that the larval and nymphal 
stages occur on cattle with some degree of 
regularity, or that the etiologic agent of 
anaplasmosis is passed from adult to adult, 
regardless of the hosts upon which the 
larvae and nymphs engorge, judgment on 
the role of this tick in the transmission of 
anaplasmosis under natural conditions 
must be reserved. Transmission of ana- 
plasmosis by male D. andersoni, even 
when several weeks intervened between 
their removal from an infected host and 
their placement on a susceptible host, has 
also been demonstrated, It has been postu- 
lated that, under natural conditions, males 
may be brushed off one animal and re 
attached on another and that the disease 
may be transmitted in this manner. This 
is an intriguing possibility but there is, 
unfortunately, no information available as 
to how frequently such transfers from host 
to host occur under natural conditions 


Dermacentor variabilis has a much wider 


yeographic§ dist®ibution in the United 
States than either D. occidentalis or D 
anderson, Stage-to-stage transmission has 
been demonstrated for this tick, but adult- 
to-larva transmission has not been accom- 
plished. The difficulties that prevent the 
acceptance of D. andersoni as a_ proved 
vector of anaplasmosis under natural con- 
ditions also prevent the acceptance of D 
variabilis as a natural vector. These diffi- 
culties are that the larvae and nymphs do 
not, so far as is known, occur on cattle: 
and until it has been shown that transmis- 
sion can take place from adult (through 
egg) to larva or from adult to adult, even 
though larvae’ and nymphs engorge on 
rodents, the specific role of this tick as a 
possible natural vector cannot be settled 
Dermacentor albipictus, the winter tick, 
is a one-host tick, widely distributed in the 
northern and western and Canada, 
If Dermacentor nigrolineatus is considered 
to be identical with D. albipictus,® the dis- 
tribution is extended to all parts of the 


states 
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United States.’ Stage-to-stage, nymph-to- 
adult transmission has been demonstrated 
experimentally for this tick. In some parts 
of its geographic range, in which anaplas- 
mosis is known to occur, its seasonal occur- 
rence coincides with the seasonal occurrence 
of this disease.’ In those areas, this tick 
must, therefore, be considered as a potential 
vector, but information available at the 
present time is inadequate to 
importance as a vector under natural con- 
ditions. 

It is impossible to determine the im- 
portance of J. scapularis as a possible vector 
of anaplasmosis on the basis of available 
information. However, this is a three-host 
tick with larvae and nymphs found on ani- 
mals other than cattle, and the seasonal 
occurrence of the adults on cattle is not 
correlated with the seasonal occurrence of 
anaplasmosis. Further investigation is, 
therefore, necessary to determine whether 
or not this tick should be considered in the 
epizoétiology of this disease 


assess its 


Rhipicephalus while present 
in areas where anaplasmosis is enzoétic, 
occurs on dogs. Its occurrence on cattle is 
extremely rare, and on the basis cf present 
information, it need to be consid- 
ered in the epizodtiology of anaplasmosis 

Experiments dealing with the transmis- 
sion of anaplasmosis by single stages of 
ticks are listed in table la 

In the experiments of Sanborn and co- 
workers,** there was an interval of six days 
between the removal of the ticks from an 
animal dying of anaplasmosis in Wyoming 
and their placement on a susceptible animal 
in Oklahoma The same males which par- 
ticipated with the females in transmitting 
anaplasmosis to the first experimental ani- 
mal subsequently transmitted the disease to 
2 other animals in succession 

In the experiments by Rozeboom and 
his coworkers,” the time intervals between 
the feedings of the male ticks on infected 
and susceptible animals were two hours, 
twenty-four and forty-one days. 
Furthermore, in two of the three experi- 
ments, only 1 male was used in each. The 
time intervals between successful transfer 
feedings in the experiments reported by 
the above mentioned authors are in strik- 
ing contrast to the time intervals recorded 
in table 4 in the successful transfer feed- 
ings with tabanids In the experiments 
with tabanids, no transmission was-~ ob- 
tained when more than five minutes elapsed 
between the feedings on infected and sus- 
ceptible animals. 

The experiments by Sanborn,** Roze- 
boom,®* and their coworkers give point to 
the argument that within the geographic 


sanguineus, 


does not 


hours, 
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range of D. andersoni, male ticks may be 
important vectors of anaplasmosis, if it is 
assumed that, under natural conditions, 
ticks readily transfer from animal to ani- 
mal. The evidence in favor of this assump- 
tion is rather limited at this time, but 
Howell’? reported finding nymphs and 
adults of D. albipictus in closely cropped 
pasture land. He also reported that under 
conditions of close association, such as 
obtain in feeding corrals, D. albipictus 
readily transferred from infested to clean 
animals. It should, however, be noted that 
Sergent and coworkers,** in commenting on 
their experimental transmission of anaplas- 
mosis by male R. bursa, expressed the opin- 
ion that, in nature, such transmission is 
without doubt the exception rather than 
the rule. 

Argas persicus, the fowl tick, is probably 
not an important vector of anaplasmosis, 
because it normally occurs on birds and not 
on cattle. 

Sanborn and Moe** reported having 
tested the following ticks experimentally as 
vectors of anaplasmosis: Amblyomma amer- 
icanum, Amblyomma cajennense, D. albi- 
pictus, D. nigrolineatus, Dermacentor ni- 
tens, Dermacentor parumapertus, D, 
variabilis, Dermacentor venustus, Haema- 
physalis leporis-palustris, I. ricinus, 1. 
scapularis, lrodes sculptus, Margaropus 
annulatus, Ornithodoros megnini, Ornitho- 
doros turicata and R. sanguineus. Accord- 
ing to the report, anaplasmosis was not 
transmitted by any of these ticks. No de- 
tails of experiments are given. 

2) Transmission by Infected or Unclean 
Instruments.—In table 2 are recorded in- 
stances of transmission of anaplasmosis, 
both intentional and unintentional, by in- 
fected or unclean instruments used in surgi- 
cal procedures. 

Examination of the material presented in 
table 2 shows that mechanical transmission 
of anaplasmosis by unclean instruments is 
not only possible, but may occur readily. 

3) Transmission by Insects.—In table 3* 
are presented the recorded attempts to 
transmit anaplasmosis by horseflies, Taba- 
nidae, Tabanus spp., Chrysops spp., Silvius 
pollinosus and Haematopota  pluvialis; 
stable flies, S. calcitrans; horn flies, Siphona 
irritans (Haematobia irritans); mosqui- 
toes, Psorophora columbiae, Psorophora 
ciliata, Psorophora signipennis, Psorophora 
cyanescens, Psorophora discolor and Aedes 
aegypti; and lice, Haematopinus sp. and 
Linognathus sp. 

The present writer assumes no responsi- 


*Ali experiments giving negative results, but in 
which the test animal was found to be immune or 
in which the suaeceptibility of the test animal was 


not ascertained, have been omitted from this table 
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bility for the correctness of the names of 
the insects listed in the table. 

The material presented in table 3 indi- 
cates that experimental transmission by 
insects has, with few exceptions, been suc- 
cessful only when the insects, chiefly taba- 
nids, were allowed to engorge partially on 
animals in the clinical stages of anaplas- 
mosis and were then transferred, without 
undue delay, to susceptible animals to com- 
plete their engorgement. No transmission 
occurred when the interval between the 
feeding on the infected animal and the 
transfer to the susceptible animal was five 
minutes or more, nor when the susceptible 
animal was subjected to less than 13 bites 
from the flies that had fed on an infected 
animal. 

In the table are listed five successful 
experimental transmissions from carrier 
animals.** In the 3 cases of successful 
transfer from carrier animals reported by 
Howell and coworkers,'*'* previously re- 
ported by Sanborn and coworkers,**. 
the source animal for at least 2 of these 
cases, and probably for all 3, was 1 bull. 
This bull was born on Aug. 3, 1929, and 
used as a source animal on Aug. 17 and 19, 
1930. He was reported to have been prena- 
tally infected, his dam having been injected 
with virulent blood on July 22, 1929. Ac- 
cording to the record, this bull was in- 
jected with virulent blood but showed no 
clinical response to this injection. The date 
of this injection is not recorded and there 
is no record of any examination of the 
blood to determine whether there was any 
parasitic response. The infection was trans- 
mitted from this animal on Aug. 19, 1930, 
to cow 21.5 The next definitely established 
transmission from this animal occurred in 
July, 1931, and was reported in 1932.%° In 
the third case,'* previously reported by 
Sanborn and coworkers,™. 44.55.36 is 
probable that this bull also served as the 
source animal. 

Howell et al.'*.'* mention using several 
other carriers as source animals in their 
experiments, but they were apparently not 
successful in transmitting the disease from 
any carrier animal other than the above 
mentioned bull. 

The other two successful experimental 
transmissions from a carrier animal are 
those reported by Lotze.*° In these cases, 
successful transmission was accomplished 
when there was what has been termed by 
Sergent and coworkers, a rechute parasi- 
faire, that is, a reappearance of parasites 


**A carrier animal is defined by Howell and co 
workers’ “ as an animal that has recovered from 
an attack of anaplasmosis and no longer shows any 
definite nicros pt or clinical evidence of the 
disease 
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in the blood of the peripheral circulation in 
sufficient numbers that they can be detected 
without much effort by a microscopic ex- 
amination of the blood. The significance of 
Lotze's findings consists in the fact that 
they suggest a possible explanation for the 
occurrence, recurrence, and spread of the 
disease under natural conditions, Sergent 
and coworkers*' reported that 31 animals, 
in which the dates of the initial infections 
were known, showed Anaplasma in the 
blood of the peripheral circulation on an 
average of three days per month for nine 
months after recovery from the initial at- 
tack. Some animals, in which the dates of 
the initial, natural infection were not 
known, showed Anaplasma in the peripheral 
circulation during a period of observation 
of twelve months, the average number of 
days per month on which they were found 
varying from 9 in the first month to 0.7 
in the twelfth month. In 2 animals, ob- 
served for a period of thirty-two months 
after the termination of the initial attack, 
Anaplasma organisms were found in the 
peripheral circulation, in 1 case for one 
day during the twenty-ninth month and in 
the other for one day during the twenty- 
sixth month of observation. These authors 
a'so reported (/oc. cit.) the occurrence of 
recrud ac nee prt ttaniere du parasitisme, 
or springtime recurrerce of parasites 
‘naplasma) occurring from February to 
March in 7 of 18 cases (39%). These re- 
lapses lasted from five to twenty-one days 
and the number of Anaplasma organisms 
varied from 4 to 20 per 1,000 red blood 
cells. There is no information from Amer- 
ican sources as to how frequently such 
relapses occur, but that they de occur is 
evident from Lotze’s experiment’.'". 2° 
There are many outbreaks of anaplas- 
mosis for the beginning of which it is often 
difficult and sometimes impossible to find 
any logical explanation at the time of their 
occurrence. Usually, no ticks are present 
on any of the animals. It has been argued 
that the absence of ticks cannot be con- 
sidered as evidence that ticks did not initi- 
ate the outbreak, because the length of the 
incubation period would permit the ticks 
to complete their engorgement and drop 
off before any clinical evidence of the 
disease makes its appearance. This argu- 
ment may be valid in areas where ticks that 
have been demonstrated to be potential vec- 
tors occur. The outbreaks, however, are 
not confined to those areas, They are found 
in places where ticks do not occur on large 
domestic animals or where the ticks that 
do occur, cannot, on the basis of available 
evidence, be considered as proved vectors 
under natural conditions. 


When ticks can be eliminated as possible 
or probable vectors, the possibility of 
mechanical transmission by unclean instru- 
ments must be considered, and, for such 
transmission to occur, the presence of an 
infected animal in the herd is necessary. 
It is usually not too difficult to determine 
by judicious inquiry whether such an ani- 
mal is present in the herd and whether 
operations involving the possible transfer 
of blood from this infected animal to other 
animals in the herd have been performed 
thirty to sixty days previous to the out- 
break. 

When mechanical transmission by un- 
clean instruments can be eliminated, the 
possibility of transmission by insects must 
be considered. For such transmission to 
take place, an infected animal must be 
available either in the herd in which the 
disease occurs or in a herd in close proxim- 
ity. If this infected animal is in the clinical 
stages of the disease (and this could occur 
if it were part of a herd occupying pastures 
adjoining those used by the herd in which 
the disease is present), the explanation for 
the outbreak would not be difficult, because 
it has been clearly shown that flies, espe- 
cially tabanids, can transmit the disease 
readily from clinical cases. The owner of 
the herd in which the disease is being in- 
vestigated might be completely unaware of 
the existence of this clinical case becau e, 
if the herd did not belong to him, he would 
have no reason to be concerned about it. 
However, if the infected animal is a carrier, 
and this appears more often to be the case, 
it is more difficult to explain the transmis- 
sion to susceptible animals, because of the 
meager success that has attended experi- 
mental efforts to transmit the disease from 
carriers by flies. Because of this difficulty, 
it has been argued that a clinical case, man- 
made, but probably mild in character and 
therefore unobserved, is necessary for the 
start of an outbreak. The outbreak, once 
started, could then be easily disseminated 
by the flies. 

It seems, however, that the observations 
of Sergent and coworkers*! and those of 
Lotze*® offer an acceptable explanation for 
the beginning of these outbreaks. These 
authors reported the occurrence in carrier 
animals of relapses with parasites appear- 
ing in the blood of the peripheral circula- 
tion in sufficient numbers to be readily de- 
tectable. Lotze demonstrated that these 
parasites could be transmitted by tabanids, 
and it is not unreasonable to suppose that, 
in this manner, the disease may be built 
up from late spring through summer, to 
reach serious proportions in the late sum- 
mer and fall 
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TABLE 3—Results Obtained by Various Investigators with Insects Tested E:perimentally as Mechanical Vectors of 
Anaplesmosis 


‘ ‘ Howell, etal Deferred feeding miy trom 
suscepuUble 


only from 
b.e animal 


ey til 42 
days after transfer feeling A 


No clinical s)mptoms notel 


bred etable 
in immed ate and deferred 
transfer feelings Nut. bers 
not ed 


flies 


sta 


tranefer 


during 


fers A.® Immediate transfer feeding by 


Tabanus fi poennis l ar 
100 Mes le 


Tabanus da 


Morrie, Het al 1976 Immed'ate transfer feedine 

from 
by about 15 files in each ex- 
periment 


Tabanus atratus i i? 


Tabanus fus satatns 3 Morrie, H. et al ‘ Seventy-five fleas as in 
experiment with T. atratus 3 

T. atra 1 1 Schmidt, and | Immediate tranefer feedin«e 
bier P. fro arrier to susceptible 


ceding 
ptible 


feeding 
pttbie 


ii eding 


Howell, D. E. et ail ‘+ 3194 Immediate tranefer feeding 
n to sus 


Taba s america ] 


al cases 


rklahomensia 1 1 Howell, D. BE. et al ‘ In ate transfer feeding 


inieal cases to sus 


animals 


sulcifrons 2 l Howell, E. et al ‘ tranefer feeding 
from linieal cases to sus 
ceptible animals 
T. abactoy ‘ 2 2 Howell, lb) E. etal ‘ Irmmedtate tranefer feeding 
from clinical cases to sus 
ceptible animals 
T. atratus 1 1 Howell, D. FE. et al. ™ Immediate transfer feeding 


from clinica cases to sus- 
ceptible animals 


WTR: 
? 
« : 
13 
- 
experi Result 
Name of insect ments Pos. Neg Author(s? Year Remarks 
latan 
Taba hrarus i 
T. abact 1 Howell, 1) et al * 7941 Deferred feeding 
arrier to susce;t 
Tabanus s 3 Lotzge, J. amd Immediate trans‘er feeding by 
yiengst, M J.” i6 from infe ted 
animal and af.er 
Anajlasma had app eute in 
re blood cella 
T. suleifrons 6 2 4 Lotze, J.C 1944 Immediate transfer feedin 
from carriers failed, 
when Anaplasn a ared 
and could be demonstrate, in : 
Inia relay 
Stomo s cale.trans ? x cht nal 1927 Authors ise term 
Gonzalez, R brava 
S. calcitrans 1 1 Sanders, A.™ Immediate transfer feed nag 
several hundred the 
J 
S. calcitrans 1 Taylor, E. L.“ 1935 Immed ate feedings 
from clint-a to 
tible animal a period 
of 18 
ed afte first 
ex posure Presence of Ana 
I srr a lerm netrated No 
clinical symptoms observed 
1 Julius, G, 1934 
Chrysops sj 
T. atratus 1 1 Se? midt, H., and Immediate transfer f 
anima 
T. sulcifrons 1 1 Sehmidt, H., and Immediate transfer eat 
Piercy, P. from carrier to sus« 
from 
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TABLE 3. [continued|—Results Obtained by Various Investigators with Insects Tested Experimentally as 
Mechanical Vectors of Anaplasmosis 


Name of insect its Po Nex Author(s) Year Remarks 
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experi Result 
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1 1 etal Inimediate and deferred trans 
fer feeding from clinical te 
susceptible animais 
4 1 1 Howell 1). etal Immediate and deferred trans 
> fer feeding fron arriers tr 
j ‘useeptible animals 
1 1 Howe I) etal Immediate and deferred trans 
fer feeding fron carriers 
eptibie animats 
1 Howell, et al 494 Immetiate transfer feeding 
fron irrier te susceptible 
j nimal t ive ndiviiuals of 
species of Psorophora, Three 
nterrupted feedings at 3- and 
dav intervals 
l Howell, et al imbiae and P thata 
‘Ss ind luals, permitted to 
engoree partially for 4 days 
nd then mediate trans- 
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la amt 
lividuals for 
calcitrans 1 Sergent, alt Six immediate transfer feed 
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ar ‘ Number of Mies used 
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TABLE 3 (continued)—Results Obtained by Various 
Mechanica! Vectors 


Resul 


The insects experimentally determined as 
potential vectors of anaplasmosis act, 80 
far as known, like needles, lancets, and 
other surgical instruments, only as mechan- 
ical transfer agents, with no conservation 
or developmental stages of the etiologic 
agent of the disease, whatever may be its 
nature, taking place within them. In this 
respect, they differ markedly from the in- 
sect vectors of malaria, filariasis, onchocer- 
ciasis, and trypanosomiasis, in which defi- 
nite developmental stages of the causative 
organisms of these diseases occur From the 
viewpoint of the conservation and mainte- 
nance of the etiologic agent of anaplasmosis 
it would, therefore, not be illogical to as- 
sume that, in nature, ticks act as vectors of 
this disease, especially in areas where the 
disease occurs enzootically, since it has 
been demonstrated experimentally that in 
male ticks the etiologic agent can be con- 
served for relatively long periods, and that 
in female ticks it can pass transovarially 
from adult to larva and through the various 
developmental stages from larva to imago 

However, at the present time, we can 
only say, with Sergent and coworkers (loc 
cit.), la question du mode de transmission 
de lanaplasmose dans la nature reste ob- 
cure et demande des nouvelles recherches. 
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INFECTIOUS KERATITIS, or pinkeye, is one of 
the most important cattle diseases from an 
economic standpoint. All ages and breeds 
are susceptible. The disease is widespread 
throughout the country and is especially 
prevalent in the Midwest. The disease is 
more prevalent some years than others; and 
the well-fed, well-conditioned animal is ap- 
parently just as susceptible as the poorly 
conditioned one. The disease usually be- 
comes prevalent in late spring or early sum- 
mer and does not lessen in extent until frost 
or late fall. In some localities, keratitis is 
the deciding factor between profit and loss, 
especially in range cattle. Dairy cows lose 
in milk production, and range cattle lose 
weight rapidly. 

The infection may be seen in one or simul- 
taneously in both eyes. The lesions are con- 
fined to the cornea and conjunctiva. In 
every case of keratitis, the cornea attains 
a cloudy or milky white opacity. 

The housefly, Musca domestica, and pos- 
sibly other flies play an important part in 
the transmission of the disease during sum- 
mer months. 


HISTORY 


Billings’ observed cases of keratitis among 
cattle in Nebraska over sixty years ago, and 
gave a good clinical description of the disease. 
He stated that keratitis was not a new disease, 
and that it could be prevented from spreading 
through the herd by isolation and simple 
therapeutic treatment. 


Poels* described keratitis among cattle in 
Holland. He isolated Bacillus pyogenes and 
reproduced the disease by injecting cultures 
of this organism between the layers of the cor- 
nea. He concluded that B. pyogenes was the 
cause of keratitis in cattle in Holland. 


Allen® stated that keratitis had been re- 
ported in India, Holland, South Africa, eastern 
and western provinces of Canada, and in the 
United States. He called particular attention 
to a smoky or hazy appearance of the cornea 
with marked lacrimation and photophobia. He 
isolated a short, thick diplobacillus from eye 
secretions of typical cases, but could not repro- 


From the Oklahoma Veterinary Research Insti 
tute, Stillwater. 

All funds in support of the research reported in 
this manuscript were provided by the Oklahoma 
Agricultural Experiment Station, Stillwater 


Infectious Keratitis of Cattle—A Preliminary Report 


HERMAN FARLEY, D.V.M., M.S., |. O. KLIEWER, A.D., C. C. PEARSON, D.V.M., 
and LON E. FOOTE, D.V.M. 


Stillwater, Oklahoma 


(17) 


duce the disease by instillation of this culture 
into the eyes of a calf. 

Morax’ isolated a diplobacillus from cases 
of conjunctivitis in man. This organism pos 
sessed most of the characteristics of the gram- 
negative diplobacillus isolated by  Poels,* 
Allen,’ and later by Jones and Little. 

Jones and Little’ observed a disease among 
cattle soon after arrival from Ohio, which they 
named “infectious ophthalmia.”” The disease 
was readily transmitted to other cattle by 
contact. The disease was characterized by 
sudden onset, marked photophobia, and im- 
pairment of vision. The typical smoky, hazy 
appearance of the cornea, observed by Allen* 
in typical keratitis, was absent in most of 
the case of infectious ophthalmia studied by 
Jones and Little.” They stated further that 
lacrimation was excessive and accompanied by 
considerable thick, yellow discharge, which 
gathered at the inner canthus. The exudate 
flowed down over the face, and conjunctivitis 
and injection of the vessels of the eyeball was 
noted. They isolated a gram-negative diplo- 
bacillus morphologically indistinguishable 
from the Bacillus morax-axenfeld. Bouillon 
suspensions of pure cultures, placed beneath 
the eyelids of normal cattle, produced charac- 
teristic inflammations. 

Farley* found keratitis prevalent among cat- 
tle of different ages and breeds in Kansas. The 
disease, described as having mild, acute, and 
chronic types, was transmitted with fair con- 
sistency, provided virulent eye secretions were 
dropped on the surface of the cornea. It was not 
possible to reproduce the disease with bacteria 
isolated from active cases. Filtrates prepared 
from active cases of the disease would not 
reproduce keratitis in susceptible cattle. It 
was proved that a calf apparently recovered 
from a chronic type of infection was a source 
of keratitis seven months later. The disease 
was apparently a specific disease of cattle. 
Sheep, swine, rabbits, and guinea pigs could 
not be infected 

Baldwin’ made bacteriologic studies of eye 
secretions from 93 head of cattle sent in from 
Montana, California, and Ohio, and isolated 
Hemophilus bovis in 93 of 112 infected eyes. 
This organism was identical to that isolated 
and previously described by Jones and Little’ 
as being associated with infectious ophthalmia. 
These cultures, when introduced into the con- 
junctival sac, produced keratitis in 12 of 15 
animals. 
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EXPERIMENTAL 


Since the work of Jones and Little’ who 
identified a hemolytic diplobacillus in connec- 
tion with infectious ophthalmia, and of Bald- 
win’ who established that H 
was responsible for causing keratitis in cattle, 
an important attack on the disease 
has been established with 
keratitis were started by the Oklahoma Veteri 
nary Research Institute at the Oklahoma 
A. & M. College, Stillwater, Okla., in 1947 
Working facilities have been set up there and 
at a field laboratory in Osage County, Okla. 
The latter”is in the heart of some of the best 
range in the Southwest Keratitis has 
been a problem in this area the disease 
was first recognized Equipment, 
and sufficient numbers of diseased cattle have 
heen available for experimental 
all times From Dr. Baldwin, 
three cultures of H. bovis for use in our studies. 
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Fig. |\—Hereford heifer affected with acute keratitis 

six days after exposure with virulent eye secretions 

obtained from field case. Symptoms: photophobia 

iacrimation, congestion of corneal blood vessels, con 

junctivitis, and complete opacity of cornea with 
temporary blindness 


kb rpertiment ] Five cows and 4 calves were 
exposed with 24-hour broth cultures of H. 
bovis, to which added 5 pet t horse 
serum The held in screened, 
fly-proof stalls during the experiment Expo- 
were made by dropping cultures of H. 
liberally over the surface of the eye, 


was cen 


animals were 
sures 
bovis 
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under the eyelids, and beneath the membrana 
nictitans of both eyes in each animal. The 
exposures were continued at 24-hour intervals 
for six days. All exposed eyes were normal 
after three weeks. It was assumed that the 
eattle were naturally resistant or that the 
animals were held under environmental con- 
ditions not conducive to H. bovis. Therefore, 
eye secretions collected from keratitis- 
infected calves in a large herd of range cattle 
and used to expose the cattle that had been 
previously exposed with H. bovis. Keratitis 
infection was just beginning to spread through 
the herd from which the infective material was 
collected, but only calves were infected at 
the time. This material produced typical cases 
of keratitis in 3 of the 9 animals mentioned 
above. Unilateral infection was produced in 
each of 3 calves. Exposures were made at 24- 
hour intervals and in the same manner as that 
for H. The disease developed 
three days after the first exposures with viru- 
lent eye secretions 


were 
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and 6 
with 24- 
from blood 
scarified in 
two weeks 
24-hour in- 
Farley" indicated 
and guinea pigs 
not be infected with virulent eye secre- 
from keratitis cattle Allen’ could not 
reproduce keratitis in rabbits and guinea pigs. 
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drop of this material was used to expose 14- 


When the cul- 
shell mem- 
brane, but, when 
the the inner 
shell membrane, the embryos invariably failed 
to hatch. Hen oO} hilus bovis could not be re- 
covered from the inoculated eggs after forty- 
eight and seventy-two Additional 
study is needed to determine the pathogenicity 
of H. bovis for chicken embryos or the ability 
of the organism to remain viable after 48- and 
72-hour incubation in the embryonated egg. 

Experiment 4.—In experiment 1, cultures 
of H. could not be caused to produce 
keratitis in any of the 9 cattle that were held 
in fly-proof stalls, free from sunlight. Three 
of the 9 were later proved susceptible to the 
disease when exposed with eye secretions ob- 
tained from natural outbreaks. Therefore, a 
more extensive experiment using range cattle 
was’ set up at the Oklahoma Veterinary Re- 
search Institute Field Laboratory at Paw- 
huska, Okla. Facilities at Pawhuska were 
ideal for study of the disease under range con- 
ditions. 
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Twenty Hereford calves, approximately 6 
months of age, were obtained from herds where 
keratitis had not appeared the year before 
and where there was reasonable certainty the 
calves had not become infected previously and 
recovered. The calves were divided into two 
lots of 10 each. Because of the limited space 
in the isolation area, it was necessary to com- 
plete the study of the two lots separately. 
Therefore, lot 1 was completed and removed 
from the premises before iot 2 was brought in. 
In each lot, the calves were fed together and 
were allowed to graze over a %5-acre pasture 
during the experiment. Both lots were al- 
lowed full sun and the shade of two small 
trees, if desired. 

The 10 calves in lot 1 were exposed with 24- 
hour cultures of H. bovis at 24- and 48-hour 
intervals until six exposures had been made. 
Three weeks after the sixth and last exposure, 
all of the calves were normal. All 10 calves in 
lot 1 were then exposed with virulent secre- 
tions twenty-one days after the last exposure 
with H. bovis. 

Lot 2 was treated in the same manner as 
lot 1, with the exception that two weeks after 
the last exposure with H. bovis all eyes were 
normal. In lot 2, exposures with virulent 
secretions were started the fourteenth day 
after the last exposure with H. bovis. 

Three calves in lot 1 and 2 in lot 2 developed 
keratitis: within three days after exposure 
with virulent secretions collected from field 
cases of the disease. 

No attempt was made to infect the opposite 
eye in the infected calves, since previous work 
by Farley* showed that cattle recovered from 
acute or chronic infections in one eye re- 
mained susceptible in the opposite eye. 

There is a wide variation in the suscepti- 
bility of calves to keratitis, but it is reason- 
able to expect that 1 or more of the 34 head 
of cattle that were exposed with H. bovis 
should have developed the disease. 

Experiment 5.—Since the original labora- 
tory cultures of H. bovis could not be caused 
to produce keratitis, fresh cultures were iso 
lated from field cases in the locality and were 
used to expose susceptible cattle. It was not 
difficult to isolate H. bovis from acute cases. 
Infected secretions placed in serum broth for 
twenty-four hours and used to inoculate blood 
agar plates caused abundant growth of H. 
bovis. Five calves, held under range condi- 
tions and exposed with H. bovis cultures iso- 
lated from field cases, would not develop kera- 
titis, even though numerous exposures were 
made using 24-hour cultures in each case. No 
attempt was made to check the 5 calves for 
susceptibility to the causative agent present 
in active field cases because inclement weather 
caused a cessation of these studies. 


DISCUSSION 


From observations in the course of the 
experiments reported above, and previous 
work by Farley, it appears that the follow- 
ing generalizations can be made about this 
disease. It is likely that H. bovis is not the 
primary factor in the production of keratitis 
but only a secondary invader along with 
other bacteria that have been isolated pre- 
viously from diseased and normal eyes. 
However, it will be necessary to make fur- 
ther studies before H. bovis is entirely elim- 
inated as a possible etiologic factor. An 
immunizing agent is needed to protect cattle 
from this disease. 

Morphology and Cultural Characteristics. 

The H. bovis cultures supplied by Bald- 
win were found by the authors to meet the 
description of the bacterium as described 
by Jones and Little,® and later by Baldwin.’ 
The organism was a gram-negative rod, 
measuring 1.5 to 2.0 » in length and 0.5 to 
near 1.0 » in width. Pleomorphism was 
present in old cultures. However, chains of 
four to eight bacilli were observed on blood 
agar plates and slants. The organism was 
nonmotile and did not form spores. Dextrin, 
dextrose, dulcitol inulin, lactose, maltoge, 
mannitol, salicin, sucrose, and xylose were 
not fermented, and indol was not formed, 
Culture transfers to agar that contained 2 
to 5 per cent horse or bovine blood after a 
24-hour incubation produced characteristic 
growth for this organism. 

Abundant growth was obtained on blood 
agar after twenty-four hours. The colonies 
were round, greyish white, and translucent, 
with a narrow zone of hemolysis. The 
hemolytic zone increased to approximately 
3 to 4 mm. after forty-eight hours. Later, 
the colonies became fragile. Cultures would 
also grow on plain agar, but less abundantly. 
Other characteristics were inability to pro- 
duce indol and failure to reduce nitrates to 
nitrites, 

Bacteriology.—It was interesting to note 
that in some clinical cases, the cloudy cornea 
developed a small protrusion, usually at a 
point just below the center of the eye. This 
elevation of the cornea suggested a small 
break in the cornea that might be due to 
pressure from within the eyeball. The eye- 
ball was removed surgically and cultures 
made from the raised area. Myriads of 
gram-negative diplobacillus were isolated. 
It was noted that this elevation was not due 
to pressure within the anterior eye cham- 
ber, but to changes between the layers of 
the stracified epithelium of the cornea. 
When the upper layers of the cornea were 
carefully dissected away, the blister or 
raised area disappeared and the lower layers 
presented a cloudy but otherwise normal 
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appearance. The anterior eye chamber was 
cultured by introducing a Pasteur pipette 
or a sterile hypodermic needle through the 
cornea and extracting some of the vitreous 
humor. In each instance, where the cornea 
was not ruptured, the interior of the eye 
was found to be sterile. 

Pathology.--The authors observed that 
the lesions of keratitis depend upon whether 
the disease is mild, acute, or chronic. 


Fig. 2—A 6-month-old Hereford-Shorthorn cross, af- 
fected with acute keratitis, five days after exposure 


with virulent eye secretions. Symptoms: photophobia, 

lacrimation, congestion of circumcorneal blood vessels, 

conjunctivitis, cloudiness of cornea with heavy concen- 

tration of leucocytes near center of cornea, and 
blindness. 


Mild Infection.-Lacrimation, conjuncti- 
vitis, and slight cloudiness of the cornea 
are always present in this type of infection. 
There is very little distention of circum- 
corneal blood vessels and the eve tissues 
tend to clear up within a few days, provided 
the infected animal! is isolated in a stall 
away from sunlight, flies, and dust. 

Acute Infection.—This type is character- 
ized by its sudden onset and rapid prog- 
ress. Lacrimation, photophobia, and cloudi- 
ness of the cornea, which in some instances 
may cover the entire cornea, with impair- 
ment of vision resulting in blindness, are 
observed in some cases. A thick mucous se- 
cretion flows continuously over the face. 
Cireumcorneal blood vessels are congested 
and distended. If the disease is observed in 
its early stages, a white or grey spot can 
be seen just below the center of the eye. 

The conjunctiva and membrana nictitans 
show reddening, swelling, and congestion in 
conjunction with opacity of the cornea. This 
type of infection can be checked, to a great 
extent, by isolating the affected animal in 
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a dark stall free from flies and dust. The 
affected cow, when handled in this manner, 
usually recovers satisfactorily without 
medicinal treatment. 

Chronic Infection.—-The difference be- 
tween acute and chronic infections lies in 
the extensive changes in the cornea. Thick- 
ening of the cornea, ulceration, and hypo- 
pyon develop, depending upon whether the 
cornea ruptures and allows the anterior eye 
chamber to become involved. The mem- 
brana nictitans becomes congested and pro- 
trudes. The excessive infiltration of the 
cornea with leucocytes usually results in im- 
pairment of vision or temporary blindness. 
A reddish-to-yellow discoloration of the cor- 
nea is usually observed in these cases. The 
lens may escape, should a break appear in 
the cornea. This type of infection is often 
observed among range cattle that are con- 
tinually exposed to sunlight, wind, dust, 
flies, and other conditions common to this 
type of cattle. Chronic infection may be 
prevented from developing, in most cases, 
if mild or acute are isolated and 
placed in darkened stalls. 


Cases 


SYMPTOMS 


Keratitis usually appears in the herd 
without warning and it may be difficult or 
impossible to trace the origin of the infec- 
tion. Different types of infection were 
observed among animals in the same herd, 
which indicates a wide variation in resis- 
tance and susceptibility of cattle to. the 
disease. The disease affects all ages and 
breeds but is confined principaliy to young 
cattle. Photophobia, lacrimation, cloudiness 
of the cornea, impairment of vision, injec- 
tion of corneal blood vessels, and conjuncti- 
vitis are present in all cases. In extreme 
cases, there is a total blindness in one or 
both eyes. As the disease progresses, the 
animal shows continued discomfort and loss 
of interest in grazing. There is a rapid loss 
in weight, especially in hot dry weather. 
There is a wide variation in the time re- 
quired for the cornea to lose the opacity. In 
some cases, the cornea remains cloudy for 
an indefinite period. The mortality is neg- 
ligible and may be attributed to secondary 
conditions. 

PREVALENCE 

Keratitis is usually most prevalent in Ok- 
lahoma from the months of May to October. 
With the first frost, the infection decreases 
rapidly. However, the disease ha. been ob- 
served during December, January, and Feb- 
ruary. Infectious keratitis is equally prev- 
alent at the time of vear when carotene is 
abundant in the feed. Lowered resistance 
is apparently not a contributing factor, 
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since cattle that are well fed and in good 
condition appear to contract the disease 
just as readily as those in poor condition. 
In some herds, more than 10 per cent of the 
cattle may be affected at one time. With 
cooler weather and fewer flies, keratitis 
ceases to spread through the herd. 

Infectious keratitis is apparently differ- 
ent from nutritious keratitis, but patho- 
logic changes in eye tissues of cattle affected 
with the two types are similar. 


TREATMENT 


The cause of bovine keratitis has not 
been established. Until the etiologic factor 
is determined, it will be necessary to treat 
the condition symptomatically. Isolation of 
the actively infected animal in darkened, 
fly-proof stails has proved more effective 
than medicinal treatment in curing the 
disease. 

When isolation is not considered practi- 
cal, medicinal treatment must be resorted to. 

Sulfa-urea powder, dusted over the eye, 
has shown encouraging benefit. Sulfathia- 
zole ointment is very effective, but is more 
difficult to use than powder or solution. 
These drugs have apparently proved effec- 
tive as bactericides because bacteria com- 
mon to keratitis are difficult to isolate from 
eye secretions for three to five days follow- 
ing treatment. 

Penicillin has been used in a few experi- 
mental cases. Its effectiveness has not been 
determined. 

Other medicinal treatment, used for 
years, includes boric acid solution, argyrol, 
silver nitrate, calomel, and mercurochrome. 


SUM MARY 


1) Keratitis is an infectious disease pe- 
culiar to cattle, and the primary lesions are 
confined to the cornea and conjunctiva. 
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2) Cultures of Hemophilus bovis (Bald- 
win) would not produce keratitis in 34 head 
of cattle which remained normal following 
numerous exposures with 24-hour cultures 
of this organism. 


3) Cultures of H. bovis, isolated from 
active field cases, would not reproduce the 
disease in 5 normal calves. 

4) Rabbits and guinea pigs failed to de- 
velop diseased eyes following numerous ex- 
posures with H. bovis. 


5) It appears that H. bovis is a sec- 
ondary invader in keratitis along with other 
microérganisms present in eye secretions 
obtained from active cases 

6) Twenty-four-hour cultures of H, bovis 
caused destruction of 10- and 12-day-old 
chicken embryos, provided the culture was 
injected beneath the inner shell membrane. 
Cultures injected outside of the inner shell 
membrane did not interfere with hatching. 


7) The disease is treated symptomatical- 
ly by most veterinarians and stockmen. 
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Further Studies on Hemolytic Icterus in Foals 


D. W. BRUNER, D.V.M., Ph.D. E. R. DOLL, D.V.M., F. E. HULL, D.V.M., 
and ALICE S. KINKAID, B.S. 


Lerington, 


THIS ARTICLE deals with the results obtained 
in studying 22 sensitized mares from June, 
1948, to June, 1949, and with investiga- 
tions designed to prevent the development 
of hemolytic icterus in newborn foals. The 
treatment of affected foals also was con- 
sidered. 

In discussing the cause of death in foals 
which were bacteriologically negative, Dimock, 
Edwards, and Bruner’ sugyested that a cer- 
tain type of fatal jaundice resembled eryth- 
roblastosis fetalis in human infants. A study 
of 6 icteric foals by Bruner, Hull, Edwards, 
and Doll’ showed in each case that the eryth 
rocytes of the stallion were agglutinated by 
the serum of the mare and that the red cells 
of a surviving foal reacted like these of its 
sire. Bruner, Hull, and Doll demonstrated 
that cases of hemolytic icterus occurred in 
newborn foals when mares sensitized to cer- 
tain types of erythrocytes were bred to stal- 
lions which transmitted that type of blood cell 
to their offspring. The disease anpeared in an 
apparently normal foal after it had 
absorbed the erythrocyte-destroying antibodies 
from the colostrum of its dam (Bruner, Ed- 
wards and Doll’). The laboratory methods 
used in diagnosing hemolytic icterus in new- 
Bruner.’ 
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Caroli and Bessis,° and Bessis 
called attention to the involvement 
blood factors in icterus of newborn mules 
Bruner, Brown, Hull, and Kinkaid" showed 
that hemolytic anemia could be produced in 
baby pigs by gestating gilts with 
erythrocytes of the boar to which they were 
bred. 
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Nine foals were 
titer of 1: 10,000 against abor- 
tivoequina. Each foal of 
serum in a single feeding through a stomach 
tube. Of the 9 foals, 3 were less than 12 hours 
old, 2 were between 12 and 24, 
24 and 36, > hours old at 
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tered, it was established that neither the mares 
nor the foals carried agglutinins in their se- 
rums for the S. abortivoequinea antigen. Within 
twelve hours following the forced feeding, the 
3 foals were than 12 hours old 
showed titers of 1: 200 against the test anti- 
yen. The 2, 12- to 24-hour-old foals developed 
titers of 1:50 and 1 : 100, respectively, while 
the foals that had attained an age of 24 to 36 
hours or more did not show any agglutinins 
for S. abortivoequina at a titer of 1:10. Tests 
made at twenty-four and forty-eight hours 
following the administration of the serum 
gave the same results. At the end of seven 
days, the titers of the foals which had ab- 
sorbed the antibodies had dropped to about 
one half of their twelve-hour level. 

During the 1949 foaling season, a mare that 
produced a hemolytic icteric foal was found to 
possess a hemagglutinin titer of 1:32 and a 
hemolysin titer of 1 : 1,000 when tested against 
the erythrocytes of the sire of the foal. Blood 
plasma from this sensitized mare was injected 
intravenously normal l-day-old 
These foals were because their red 
cells were rot compatible with those of the 
mare, and each foal received a single injection 
of 500 cc. of plasma. Erythrocyte counts made 
prior to the injection showed 11,300,000; 
12,180,060; and 12,100,000 per cubic millimeter, 
respectively. The erythrocyte count of the first 
foal dropped steadily from 11,300,000/cmm. 
until it reached 4,310,000/emm. on the sixth 
day after the injection was made. On the 
seventh day, the count was 4,360,000/cemm. 
and it continued to climb until it was 
10,780,000/emm. two months later. 

Erythrocytes from the foal agglu- 
tinated tw vitro at about 25 per cent of the 
titer obtained for those of the first foal. Fur- 
thermore, the hemolysin titer of the mare was 
1 : 1,000 for the first foal and 1: 100 for the 
second foal. The erythrocyte count of the sec- 
ond foal attained its lowest point of 6,090,000/ 
emm. on the third day following the injection. 
It was back to 12,490,000 within one month. 
The erythrocytes of the third foal were at- 
tacked by the antibodies in the mare’s plasma 
to about the same degree observed in the 
first foal. Its count dropped steadily from 
2,100,000/emm. down to 5,180,000/emm, the 
sixth day after the injection was given. On the 
seventh day, it was 6,000,000 and, within two 
months, it had climbed to 11,800,000/emm. It 
that a newborn foal whose 
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erythrocytes were compatible with those of its 
sensitized dam could safely nurse the dam’s 
colostrum. Even though the colostrum pos 
sessed a high hemagglutinin titer, and the foal 
acquired antibodies against the type of eryth- 
rocytes which had sensitized the mare, its 
own red cells were not attacked. 

In two instances, a 5-day-old foal was al- 
lowed to suck the colostrum from a sensitized 
mare. Both mares had hemagglutinin titers of 
1:64 in their colostrums, but after nursing 
no detectable agglutinins could be demon- 
strated in the blood of either foal. It also was 
noted that hand milking a mare at one-hour 
intervals for twenty-four hours would reduce 
the hemagglutinin content of the milk from a 
titer of 1: 64 to a titer of Jess than | : 2 

Twenty sensitized mares were under super- 
vision during 1949. Ten of these mares were 
barren and 2 of the pregnant mares aborted 
because of equine virus-abortion infection. 
Eight mares produced normal foals, which are 
alive at this writing. In studying the sensitized 
mares, a blood sample was drawn from each 
mare during the sixth to eighth month of ges 
tation. Samples from the barren mares also 
were included. Each sample was tested with 
the type of erythrocytes to which the mare was 
sensitized and the samples from the pregnant 
mares also were tested against the erythro- 
cytes of the stallions to which they were bred. 
It was determined that no mare carried a 
hemagglutinin titer of more than 1:48, even 
though some were mated with stallions whose 
red blood cells were incompatible with the 
mare’s red cells. 

Hemagglutinin titers of the barren mares 
were 1 : 4 or less, and no mare carried hemoly- 
sins at a titer level of 1 : 10 or higher. A sec- 
ond blood sample taken from each pregnant 
mare was examined within two weeks of the 
date of parturition. Of the 8 pregnant mares 
receiving the second test, 5 were bred to stal- 
lions carrying erythrocytes compatible with 
the mares’ cells. Matings with these stallions 
were selected on the basis of erythrocyte com- 
patibility tests and in no instance did the 
hemagglutinin titers of the mares increase 
during the gestation period. All 5 foals were 
allowed to nurse their dams at will and none 
developed hemolytic icterus. 

Three of the mares were bred to stallions 
whose erythrocytes were incompatible with 
the mares’ erythrocytes. In one case, the 
hemagglutinin titer of the mare climbed from 
1:2 to 1:8 during the gestation period. At 
the time the foal was born, the hemagglutinin 
titer of the mare’s colostrum was 1 : 32 and 
the foal was not allowed to nurse. A 5-day-old 
foal was put on the mare and, after it re- 
mained for fifteen hours, the hemagglutinin 
titer of the milk was less than 1:2. The off- 
spring of the sensitized mare then was re- 
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turned to its dam and did not develop hemoly- 
tic icterus. The hemagglutinin titer of the 
second mare climbed from 1:2 to 1:16 dur- 
ing gestation. A hemolytic titer of 1: 10 also 
developed, In this case, the foal was withheld 
from its dam and the dam was milked by hand 
at hourly intervals for thirty-six hours At 
that time. the foal was returned to its dam 
and was permitted to nurse for the first time. 
It did not develop hemolytic icterus, nor ac- 
quire a detectable hemagglutinin titer. The 
hemagglutinin titer of the third mare remained 
at a level of 1:8 throughout the gestation 
period. This mare was s¢ nsitized the previous 
year by intravenous injections of the ery- 
throcytes of its mate. A hemolytic icteric foal 
was produced (Bruner, Hull, and Doll’) which 
recovered without treatment. The mare again 
was bred to the same stallion and, in 1949, 
foaled a normal colt, which developed a slight 
ameunt of icterus and showed a red cell count 
of 5.960,000/cemm. on the third day after birth. 
This colt recovered without treatment 

During the 1949 foaling season, 10 additional 
mares produced hemolytic icteric foals for the 
first time. Within the past two years, 19 cases 
of icterus were seen in mares previously not 
known to be sensitized. Accordingly, the known 
number of sensitized mares has more than 
doubled since 1947. Of the 10 new cases found, 
2 were diagnosed on postmortem examination 
and subsequent blood tests, 2 died before treat- 
ment could be administered, 1 recovered with- 
out treatment, and 5 recovered following treat- 
ment. The mares that produced icteric foals 
carried hemolysin titers ranging from less 
than 1:10 up to 1: 1,000 and hemagglutinin 
titers of 1:4 to 1: 128 When symptoms of 
hemolytic icterus appeared in the newborn 
foals within twenty-four hours after birth 
the hemolysin titers nf their dams were 1 : 100 
or higher. Foals produced by sensitized mares 
bearing hemolysin titers leas than 1:10 de- 
veloped marked icterus and weakness as late 
as the sixth day following birth. It also was 
noted that a sensitized mare did not necessarily 
develop hemolysins and hemagglutinins to the 
same degree, but the rapidity of onset and 
severity of the hemolytic icterus were modified 
by the concentration of hemolysins. 

The 5 foals which were saved all showed red 
cell counts of less than 4,000,000/emm. when 
first observed. They were weak, icteric, and 
refused to nurse. They apparently were nor- 
mal at birth but became ill within twenty-four 
to 120 hours afterwards. In each case, the 
sick foal was removed from its dam and given 
a blood transfusion. In 1 case, the foal given 
transfusion was placed on a nurse mare, but 
the other 4 were returned to their respective 
dams after being separated in each case for 
forty-eight hours. The usual transfusion con- 
sisted of removing 500 to 1,000 ce. of blood and 
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replacing it with 1,000 to 2,000 ec of com- 
patible blood. In some instances, an additional 
500 ec. was administered about twelve hours 
later. In selecting a donor for a hemolytic 
icteric foal, it is necessary to remember that 
the foal is carrying the erythrocyte-destroying 
antibodies generated by its dam and that the 
red cella of the donor should be matched 
against the serum of the dam. That is, the 
erythrocytes of the donor should be compatible 
with those of the dam. The antibodies in the 
serum of the icteric foal are absorbed to the 
extent that they do not present a true agglu- 
tination titer when tested with the donor’s 
erythrocytes. 

During the periods the icteric foals were 
withheld from their dams, they were fed milk 
from other mares, Nestle’s baby food, con- 
densed milk, or fortified cow's milk. Frequent- 
ly, penicillin and/or streptomycin injections 
were given to ward off bacterial infections. 


DISCUSSION 


The feeding experiment in which S. 
abortivoequina antiserum was fed to new- 
born foals indicated that a foal loses the 
ability to absorb antibodies from its diges- 
tive tract when approximately 36 hours old. 
In tests where 5-day-old foals were permit- 
ted to suck mare colostrum carrying high 
antibody titers, it was established that they 
did not absorb the antibodies. This early 
loss of ability to absorb antibodies from 
the digestive tract is important because it 
means that the newborn foal which has 
inherited red cells incompatible with those 
of its dam can nurse its sensitized dam 
after being withheld for the critical period 
of thirty-six hours. Actually, two factors 
are at work to make this possible. Hand 
milking the mare at hourly’ intervals 
markedly reduces the antibedy concentra- 
tion in the milk and the foal is no longer 
able to absorb the antibodies. This cessa 
tion of antibody absorption may be related 
to the development of digestive processes 
in the newborn foal 

Although it was demonstrated that the 
foal soon was unable to absorb antibodies 
from its alimentary tract, the fact that 
many hemolytic icteric foals did not develop 
symptoms of the disease until four to six 
days after birth needed explaining. When 
500 cc. of high-titered serum from a sensi 
tized mare was injected directly into the 
vein of a susceptible foal, six davs were 
required to lower the foal’s erythrocyte 
count to the lowest level attained. Icterus 
was not observed in the sclera of the foal 
until the third day, and the most marked 
respiratory distress appeared on the fifth 
and sixth days following the injection. The 
same serum injected into a foal whose red 
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cells were more refractory to the serum 
in vitro also was less active in vivo and 
reached the peak of its erythrocyte-destroy- 
ing activity on the third day. Red cell 
counts of normal newborn Thoroughbred 
foals were found to be 10,000,000 to 
12,000,000 /cmm. on the first day of life. In 
some instances, these counts dropped a 
little below 10,000,000/cmm. during the 
first week of life, but usually fell no lower. 

The diagnosis of hemolytic icterus in a 
foal depends upon finding specific erythro- 
cyte-destroying antibodies in the blood of 
the dam, as well as icterus, weakness, a 
low erythrocyte count, yellowish red serum, 
and agglutinated red cells in the foal. Cer- 
tain cases of Shigella eqguuli also may ap- 
pear listless, weak, and icteric, and refuse 
to nurse. These foals sometimes show a 
blood count of about one-half the normal 
count. However, a blood sample from the 
infected foal will exhibit no evidence of 
clumped erythrocytes and blood serum from 
the mare will not agglutinate the foal’s 
cells. 

By testing the blood of the pregnant 
mare against the blood of its mate early in 
the gestation period, and also within two 
weeks of foaling, it not only is possible to 
outline the proper care for the sensitized 
mare but it appears that it also is possible 
to predict the appearance of icterus in the 
first offending mare. At present, this line 
of investigation is under consideration. 

Out of six matings, in which stallions 
were selected for sensitized mares on the 
basis of compatibility tests, there were 
born 6 apparently normal foals. These 
foals were given no special care, nor were 
they withheld from nursing their respec- 
tive dams. The possibility must be con- 
sidered that rebreeding to the same stallion 
over a period of years will produce sensi- 
tivity. The fact that some mares have 
developed an antagonism to a certain type 
of stallion blood may mean that they can 
become sensitive to other types. When a 
sensitized mare is mated with a stallion 
whose erythrocytes are incompatible with 
the mare’s cells, the mare’s hemagglutinin 
titer rises during the gestation period and 
reaches its highest peak as pregnancy 
terminates. The mare artificially sensitized 
by injections of its mate’s erythrocytes 
produced a hemolytic icteric foal, but on 
rebreeding to the same stallion did not 
exhibit a hemagglutinin titer rise during 
pregnancy. 

Bruner, Hull, and Doll® reported that 
blood serums from sensitized mares will 
not agylutinate the erythrocytes of all the 
stallions that have sired such foals In 
numerous instances, the erythrocytes of 


J. Ver. Ree 
7 
: 
ist 
a 
4 


Janvarr, 1950 


the sires of icteric foals are compatible 
with those of mares which have produced 
icteric foals when mated with other stal- 
lions. Although the possibility of inter- 
ference in these tests by blocking anti- 
bodies was suggested, the presence of such 
substances was not demonstrated 

A sensitized mare and a stallion which 
had sired icter) foals were mated because 
the blood test showed them to be com- 
patible. A normal foal resulted which did 
not develop icterus even though it was not 
withheld from its dam. Furthermore, 4 
comparison of the red cells of the foal and 
those of the sire showed no differences 
when tested against the serums of 335 sensi- 
tized mares. This is further argument 
against the existence of an Rh-like factor 
as the cause of hemolytic icterus In new- 
born foals. Wiener” reported congenital 
hemolytic disease in an infant due to A-B 
iso-immunization and there is no reason to 
assume that a similar condition does not 
exist in horses. It appears that certain 
mares become sensitized to 4 type of blood 
cells and, whenever they are bred to a stal- 
lion capable of transmitting that blood type 
to its offspring, 4 hemolytic icteri foal 
results. 


CONCLUSIONS 
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in the production of hemolytic icteric foals 
that exhibited the severest anemias on the 
third to the sixth day after the injections. 
By withholding potential icteric foal cases 
from their dams’ milk and hand milking 
the sensitized mares at hourly intervals for 
thirty-six hours, it was possible to prevent 
the development of icterus in the foals 
upon returning them to their dams. Mares 
bred to stallions whose erythrecytes were 
compatible with the mares’ erythrocytes 
did not produce icteric foals. Cases of 
hemolytic icterus In newborn foals were 
treated successfully by removing the foal 
from its dam, tranfusing it with blood from 
a compatible donor, and returning it to 
the dam after forty-eight hours. 
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Critical Tests with Sodiym Fluoride as an Anthelmintic 
for Ascariasis in Horses 


A. C. TODD, Ph.D., G. W. KELLEY, B.S., and M. F. HANSEN, Ph.D. 


A series of dilution egg-count and critical 
tests with 7 horses conducted by Haber- 
mann, Enzie, and Foster! indicated that 
sodium fluoride (NaF) had anthelmintic 
activity against the horse ascarid, Paras- 
caris equorum. The present drug of choice 
for treatment of ascariasis in Thorough- 
bred horses in central Kentucky, carbon 
bisulfide (CS.), performs efficiently against 
adult ascarids, but is not as efficient against 


TABLE |~—Tests with Sodium Fluoride 


“Worms 
Arnount Worms expelled 
Weight Nal in small from 


llorse ‘Gam.) int srnall int 


500 


2 140 9.60 0 123 

50 13.75 0 280 
232 6.75 122 

810 20.20 27 
40 10.00 0 1 
i 500 12.50 0 128 
] 643 16.00 1 3 
592 14.50 0 at 
10 672 16.80 0 20 

Average 21.9 13.20 6.2 115.4 


immature forms in the small intestine. The 
hazard of introducing such a volatile sub- 
stance into horses has been reduced by 
adoption of stomach tube techniques. The 
employment of CS, for treatment of the 
age group of horses most heavily infected 
by ascarids, sucklings, has been limited by 
difficulty attendant with drawing the ani- 
mals before treatment. The efficiency of 
CS, is impaired by the presence of ingesta 
in the digestive tract 

The present paper presents data obtained 
from 20 critical tests with NaF against 
ascarid infection in suckling, weanling, and 
yearling horses. 


MATERIALS AND METHODS 


The majority of the horses used in the criti- 
cal tests were Thoroughbreds, although a 
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few were light-boned grade horses. They 
ranged in age from 1 month to fully mature 
horses; the majority were weanlings and year- 
lings. Most of the horses harbored numerous 
roundworm species in addition to ascarids; 
all infections were naturally acquired. 

The NaF was dissolved in tap water and 
administered by means of a stomach tube. The 
horses were on full feed when medicated and 
were sacrificed twenty-four hours after treat- 


(NaF) at 25 Gm. per Hundredweight 


Specimens of ascarids recovered 


Expulsion Dead Live Ascaricide 
efficiency worms worms efficiency 
recovered recovered (%) 


100 100.0 
100.0 123 100.0 
100.0 oan ‘ 100.0 
99.2 a7 4 70.7 
100.0 27 “ 100.0 
100.0 236 73.5 
100.6 128 0 100.0 
75.0 3 1 75.0 
24 100.0 
100.0 20 0 100.0 


ment. They were sacrificed at this time in or- 
der that worms killed and expelled from the 
small intestine would not disintegrate before 
being recorded. 

At autopsy, a complete examination was 
made of the stomach and small and large in- 
testines, including the rectum. Worms present 
were collected and counted. At autopsy, the 
digestive and other organs were examined for 
gross evidence of pathologic changes. 

Preliminary investigation having indicated 
a tolerance limit of 5.0 Gm. per hundred- 
weight, the critical tests were largely con- 
ducted with NaF administered at a rate of 


2.5 and 1.5 Gm. per hundredweight. 


EXPERIMENTAL DATA 


Sodium Fluoride at 2.5 Gm. per Hundred- 
weight.-These tests, involving 10 horses are 
recorded in table 1. Of 1,156 ascarids present 
in the small intestine of the 10 horses, 1,154 
were expelled from the small intestine and 
1,134 were dead within twenty-four hours. 
The percentage efficiency of expulsion ranged 
from 75.0 to 100.0 per cent and averaged 99.8 
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per cent; the efficiency of NaF as an ascaricide 
ranged from 70.7 to 100.0 per cent and aver- 
aged 89.4 per cent in twenty-four hours. 

The worms recovered in these tests ranged 
in length from 2 to nearly 12 inches. 

Sodium Fluoride at 1.5 Gm. per Hundred- 
weight (table 2).—These tests involved 10 
horses and there were 1,316 ascarids present 
in the smal] intestine of the horses. A total of 
811 were expelled from the small intestine by 
treatment and 649 of these were dead within 
twenty-four hours. The percentage efficiency 
of expulsion ranged from 2.6 to 100.0 per cent 
and averaged 61.7 per cent. The efficiency of 
NaF as an ascaricide ranged from 0.0 to 100.0 
per cent and averaged 49.3 per cent. One 
horse, a 260-lb. suckling, given only 3.9 Gm. 
of NaF (table 2, horse 4), was largely respon- 
sible for its poor performance at this dosage 
If this animal were considered an exception, 
the efficiency of NaF at 1.5 Gm. per hundred- 
weight in expelling ascarids from the small 
intestine would have been 95.6 per cent and its 
efficiency as an ascaricide would have been 78.2 
per cent. 

The worms recovered in these tests ranged 
in length from 2 to nearly 12 inches. 

DISCUSSION 

When administered to horses at a rate 
of 2.5 Gm. per hundredweight, NaF was 
extremely effective against P. equorum, 
both from the standpoint of expelling 
worms from the small intestine and as an 
ascaricide. It was as effective against im- 
mature as against mature ascarids. 

When administered at the rate of 1.5 
Gm. per hundredweight, efficiency of expul- 
sion and efficiency as an ascaricide were 
reduced at least by 3.0 and 12.0 per cent, 
respectively. 

Judged on the basis of the above 20 eriti- 
cal tests, NaF appears to be of greater 
value than CS, in a control program for 
ascarid infection in horses, because it is 


Amount Worms 
Weight NaF in small fron 
Horse (ib.) ‘Gm,) int small int 
1 480 7.2 0 » 
2 720 10.8 55 
3 195 2.0 2 1 
4 260 3.9 479 13 


7.5 


Average 


TABLE 2—Tests with Sodium Fluoride (NeF) at 1.5 Gm. per Hundredweight 
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more effective against immature stages. 
The fact that it may be administered to 
horses on full feed would appear to be 
especially advantageous in the treatment 
of sucklings. 

A therapeutic dose of 5.0 Gm, would ap- 


pear to represent the minimum dosage 
from which efficiency of expulsion from 
the smal! intestine and efficiency as an 


ascaricide can be obtained. 

No effort was made to record the effi- 
ciency of NaF against tapeworms, pin- 
worms, strongyles, or cylicostomes, The 
drug had no effect upon bots in the stomach. 

Clinical observations, made of the 20 
horses used in the critical tests and of a 
number of other horses used in dilution 
egg-count tests, indicate that NaF was 
generally well tolerated. Moderate gastritis 
and enteritis were found frequently at post- 
mortem and were the only gross pathologic 
changes observed. Animals used in dilution 
egg-count tests frequently exhibited severe 
diarrhea twenty-four to forty-eight hours 
after treatment. Recovery in seventy-two 
hours was constant. 

Clinical observations following drenches 
with NaF are exemplified by records ob- 
tained from 2 Thoroughbred mares used in 
tests for tolerance. The mares were given 
31.5 Gm. of NaF (2.5 Gm./cewt.) by stomach 
tube. The animals were normal in ap- 
pearance; their temperature, respiration, 
and pulse were in normal ranges. Twenty- 
four hours after treatment, both animals 
were depressed, off feed, and beginning to 
scour. Inappetence, depression, and severe 
scouring were evident forty-eight hours 
after treatment. Water consumption in- 
creased markedly. The pulse, temperature, 
and respiration remained unchanged. By 
seventy-two hours after treatment, the ani- 
mals had completely recovered. 

Younger and lighter animals used in 
dilution egg-count tests, which received 


Specimens of ascarids recovered 

ext ion Dead Live Awcaricide 
efficiency worms worms efficiency 

100.6 0 

1000 100.0 

3.3 1 2 13.3 
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from 5 to 20.0 Gm. of NaF at 2.5 or 1.5 Gm 
per hundredweight, generally exhibited 
temporary diarrhea, but rarely depression 
and inappetence. 

Blood samples, taken at intervals before 
and after treatment of a yearling Thor- 
oughbred with NaF at 1.5 Gm. per hundred- 
weight, established the following changes 
in the blood picture: a temporary hemocon- 
centration, some hemolysis, and an evanes- 
cent leucocytosis. The packed cell volume 
was greatest within eight to ten hours 
after treatment, as was also the amount of 
hemoglobin. About nineteen hours after 
treatment, the packed cell volume and hemo- 
globin had initiated a return to pretreat- 
ment levels. Some hemolysis, evident in 
dark red plasma in the hematocrit tubes, 
occurred about ten hours after treatment 
This hemolysis was considered related to 
NaF treatment and not to be the anticoagu- 
lant employed, an ammonium and potassium 
oxalate mixture. A temporary in num- 
bers of white blood cells, as observed in 
the hematocrit, was considered associated 
with the temporary gastritis and enteritis 
found to develop after administration of 
NaF. 

These two series of ten critical tests 
established that NaF was remarkably effi- 
cient as an ascaricide for horses and con 
firmed preliminary observations.’ It 
as effective against immature as against 
mature ascarids. Its efficiency more than 
offset the temporary gastritis and enteritis 
following treatment. The moderate diar- 
rhea is considered desirable in prevention 
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occlusion and absorption of 
materials liberated by dead ascarids. 
asional severe diarrhea 
and hemolytic action on horse blood pro- 
duced, which are under continuing investi- 
vation, the writers, at present, do not rec- 
ommend NaF for therapeutic treatment of 


ascariasis in horses 


of possible 
toxk 
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Twenty critical tests were conducted with 
sodium fluoride (NaF administered in 
a drench to horses on full feed at the rate 
of 2.5 Gm. per hundredweight, or 1.5 Gm. 
per hundredweight, as an anthelmintic 
ayainst ascariasis in horses 

At 2.5 Gm. per hundredweight, the effi- 
ciency of NaF in expelling ascarids from 
the small] intestine was 99.8 per cent, on 
average, and its efficiency as an ascaricide 
was 89.4 per cent, on average, within 
twenty-four hours after administration. 

At 1.5 Gm. per hundredwei:ht, efficiency 
of expulsion and efficiency as an ascaricide 
were reduced to 61.7 and 49.5 per cent, 
respectively. 

At either rate of administration, imma- 
ture ascarids were as susceptible to the 
action of NaF as mature ascarids. 

Moderate-to-severe diarrhea, moderate 
yastritis and enteritis, hemoconcentration, 
leucocytosis, and hemolysis were observed 
following treatment. 
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The Reaction of Blood Cells in Experimental Listeriosis 
of Sheep 


CARL OLSON, JR., D.V.M., M.S., Ph.D., RAYMOND H. COOK, D.V.M., and 
IDA C. BLORE, B.Sc., M.S. 


Lincoln, 


THIS IS a report on a study of the reac- 
tion of circulating blood cells following 


exposure of sheep to Listeria monocytogenes 


by various routes, 

the finding by 
of a bacterium 
mononuclear leucocytosis in rabbits, 
made of the 
The 


circling 


Murray, Webb, and 
which would cause a 
many in- 


disease 


Since 
Swann 
vestigations have been 
caused by L. 
(listeriosis, listerellosis, 
has been recognized as of economic importance 
in domestic livestock even though its exact 
incidence unknown. Many species of ani- 
mals, including man, have been infected with 
L. monocytogenes. Adequate reviews of the 
early literature have been made by Graham 
et Gifford and Jungherr,” and Julian- 
elle.” The study of monocytosis induced in 
laboratory animals with L. 
ceived impetus with Nyfeldt’s® report of find- 
ing this organism in a human patient with 
infectious The significance of 
this assocjation is not yet clear.” Various re- 
have confirmed the finding” of 
cytosis with subfatal infections in rabbits. 
Similar cbservations have recorded for 
guinea pigs and mice.” observed 
monocytosis in chickens. Varying reports have 
been made on the blood cell reaction of sheep 
and cattle with L. infection. 
Gill” observed a high percentage of neutrophils 
in field cases in sheep and a similar high per- 
centage of neutrophils at death in 2 
mentally infected sheep. Biester and Schwarte 
stated that monocytosis was observed in field 
of infection in sheep and swine ' 
Cole’s* data indicate a terminal leucopenia in 
a cow with listeriosis. Graham et al report 
several observations of the blood cells in both 
field cases and experimental infection in sheep, 
cattle, and swine. Although they did not find 
monocytosis, the blood picture was not clearly 
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METHODS 

The culture of L. monocytogenes strain 136 
used in most trials was isolated from the brain 
of a sheep which died with listeriosis during 
an outbreak in January, 1947. It was main- 
tained in tryptose broth or on tryptose agar 
mediums. A 24-hour tryptose broth culture 
was pathogenic for sheep, usually causing 
death in 0.1-ml. amounts given intracerebrally 
and by intracarotid at the rate of 
0.06 ml. per pound body weight. Six of the 
tests were made with strain 578 L. monocyto- 
genes isolated from the same outbreak as 
strain 136. The strains had shown similar 
properties and virulence. 

All were made with a 24-hour 
tryptose broth culture grown at 37 C. The 
amount used varied with the mode of exposure. 
These were: intravenous (jugular vein) and 
per os, 0.1 ml. per pound body weight; intra- 
carotid (under local anesthesia directing injec- 
tion either with or against the flow of blood), 
subcutaneous (region of neck or flank), intra- 
muscular (biceps femoris muscle) and median 
artery, 0.05 ml. per pound body weight; and 
intracerebral, intradermal (region of neck), 
and marrow (tibia), 0.25 ml. The 28 test sheep 
were used in pairs for each trial. Most of them 
were used for more than one trial so that 63 
tests were made. Six of the sheep came from 
a flock in which listeriosis had occurred, and 
22 sheep came from the University of Ne- 
braska breeding flock, in which no listeriosis 
had been observed. The sheep were adults of 
different ages, ranging from 8 months to 9 
years old. The sheep were housed in isolation 
stalls throughout the trials. Observations were 
made on the leucocytes and the rectal tempera- 
tures. The- leucocyte counts were made in 
duplicate. Two blood films were prepared at 
each observation and 200 cells counted on each 
blood film. The absolute values for the differ- 
ent types of leucocytes were calculated and 
the averages of the two sets were used to rep- 
resent the number of cells at that time. Sev- 
eral observations were made prior to each 
exposure to establish a base line for normal 
values and at varying intervals after inocula- 
tion. 
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exposures 


NOMENCLATURE 


The leucocytes were classified by the usual 
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criteria into lymphocytes, monocytes, eosino- 
phils, basophils, and neutrophils. Immature neu- 
trophils were observed frequently. Two classifi- 
cations were used for the neutrophil granulocy- 
tic series following the definitions of the 
committee for clarification of nomenclature.” 
The term neutrophils both the seg- 
mented and band cells as representing adult 
The term was used for al! 
immature neutrophils and includes metamyelo 
cytes, myelocytes, progranulocytes, and myelo- 
blasts. 


includes 


cells myelocyte 


RESULTS 


It became apparent, early in the work, 
that injection of L. monocytogenes caused 
an increase in the number of circulating 
neutrophils Following the demand for 
neutrophils, many immature cells of this 
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series appeared. In some instances of par- 
ticularly heavy demand for neutrophils, 
myeloblasts were found in the circulating 
blood. Apparently normal sheep had imma- 
ture neutrophils in the blood stream in 
varying numbers. These had specific neu- 
irophilic granulation. No progranulocytes 
or myeloblasts were found in the blood of 
normal sheep. A series of developmental 
stayres of neutrophils is shown in plate I 
Ordinarily, with myelocyte counts in the 
range of 200 to 400 per cubic millimeter, 
most of the cells were of the types illus- 
trated as 5 to 9. When high myelocyte 
counts of 800 to 1,000/mm. were found, 
cells similar to those illustrated as 1 to 4 
were found, although their number was 
relatively smal] 

In order to 


establish the approximate 
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Graph |—Leucocyte counts and temperatures on sheep before and after exposure to Listeria monocyto- 
genes. Counts of leucocytes are plotted on logarithmic scale and temperature values follow arithmetic 
progression. Sheep 134 was given a culture of L. monocytogenes in the carotid artery and had no pre 


vious exposure. On the day of exposure (0) 


the two postexposure counts were made at two and five 


hours. The persistent increase in neutrophils and temporary decrease of lymphocytes with a continuously 
elevated temperature is typical of an experimentally produced, fata! listeriosis. 


Note the increase of myelocytes following the demand for neutrophils. Monocytes vary within a broad 
range. Sheep 286 was given a culture into the jugular vein. On the day of exposure (0), the five post- 
exposure counts were made at ten minutes and one, two, three and one-half, and six hours. The immediate 
decrease of neutrophils followed by an increase was typical! for this type of exposure in previously used 

sheep. 
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normal values for the different types of 
leucocytes in the blood, 259 observations 
on 19 sheep were examined statistically. 
These represented from two to 53 observa- 
tions on each sheep, made at a time when 
the sheep were considered normal. The 
different sheep had variations in the normal 
levels of the different types of leucocytes. 
Table 1 summarizes the findings by show- 
ing the group average as well as the high 
and low individual averages for the dif- 
ferent types of leucocytes. These average 
values are accompanied by their standard 
deviations from the mean. While these 
values are not in exact agreement with 
others as reported in the literature, e.g., 
Prescott ef al.,2* they serve to indicate the 


normal range of the sheep actually used 
in these studies. 
To test the effect of tryptose broth 


medium alone on cells of the blood and on 
temperature, 2 sheep were given intra- 
venous injections in the quantities routinely 
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used for cultures of L. monocytogenes. The 
counts for lymphocytes and body tempera- 


tures were unaltered. The neutrophils in 
both sheep were moderately increased 
(about one half) six hours after injection 
but had returned to normal levels the next 
day. Two further experiments were made 
on the same sheep in which the fractions 
of the medium were used separately. In one 
trial, dextrose in saline solution (concen- 
trations as in culture medium) was in- 
jected. Again, there was no change of tem- 
peratures or in the counts of lymphocytes. 
The neutrophils were moderately increased 
about one third) at six hours in both 
sheep. The neutrophil count was normal in 
1 sheep at twenty-four hours and at forty- 
eight hours in the other sheep. In the other 
trial, tryptose solution (concentration as 
in culture medium) was injected. A moder- 
ate increase (about one third) of neutro- 


phils was noted in both sheep at four and 
one-half hours, with a return to normal at 
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Graph 2—Leucocyte counts and temperatures on sheep 16 before and after intracarotid exposure to 
Listeria monocytogenes. Counts of leucocytes are plotted on « logarithmic scale and the temperature 


values follow arithmetic progression. 
This sheep had received subcutaneously, « formolized but live culture of the seme organism seven 
days earlier. On the day of exposure (0), the three postexposure counts were made at twenty-four and 
thirty hours. Abnormal! values for neutrophils and an elevated temperature lasted until the eighth day. 


Note the range of variation of monocytes. 
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sheep and at twenty-lour 


There 


body 


seven hours in 1 
hours in the other Was no 
change of lymphocytes or tempera 
tures, These increases of neutrophils can 
be considered slight in view of the standard 
deviation for the mean number of neutro- 
phils found in normal sheep ‘table 1), 
which amounted to about one fourth to one 
half the mean However, since the tran- 
sient change was always an increase, it has 
some significance. As will be noted later, 
the increase of neutrophils after exposure 
to cultures of L. monocytogenes was much 
yvyreater than observed in these control 
trials 

The reactions of the cells in the blood in 
volved lymphocytes and neutrophils and are 
presented in a general way for each mode 
of exposure. They are also summarized in 
table 2. Graphs of individual 
used to illustrate typical responses 
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Intracarotid Kighteen trials 
were done in 17 sheep. Five sheep had not 
been previously exposed, 8 had had one pre- 
inoculation with L 
and 5 had received from six to 
vious inoculations. The 5 sheep receiving 
the culture for the first time died or were 
killed in a moribund state eight to seventeen 
days later. Five of the 8 sheep receiving 
culture via the carotid artery as their 
exposure, survived and 3 died in 
twenty-five, twenty-seven, and fifty-seven 
days. Five sheep, which had had several 
previous exposures, survived intracarotid 
inoculation. 

Fatal infection followed intracarotid ex 
posure in two of five trials when injection 
was made against the flow of blood, and in 
six of 15 trials injection was made 
with the flow of blood 

Following intracarotid 


posure 


monocytogenes 
nine pre- 


vious 


sent ond 


when 


exposure, there 


Graph 3—Leucocyte counts and temperatures on sheep 158 after subcutaneous and intracarotid exposure 

to Listeria monocytogenes, There had been no previous exposure. Counts of leucocytes are plotted on a 

logarithmic scale and temperature values follow arithmetic progression. On the day of subcutaneous 

exposure (0), counts were made prior to and at ten minutes, ninety minutes, three and seven hours after 
injection; the next day at twenty-four and thirty hours 


An increase of neutrophils may be noted. On the day of intracarotid exposure, counts were made 
prior to and at ten minutes, three hours, and at six hours after injection: the next day at twenty-four and 
thirty hours. The low value for neutrophils at ten minutes after intracarotid exposure was an exceptional 
reaction. During the period from eight to twenty-four days after exposure, the counts of leucocytes and 

temperature values were about normal. The terminal counts of neutrophils were high. 
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was an increase of neutrophils and a de- 
crease of lymphocytes. These changes were 
marked at three hours and were associated 
with a rise in temperature of from 1 to 4 F. 
A decrease of neutrophils was noted in 1 
sheep ten minutes after exposure, but 6 
other sheep with counts made at ten 
minutes showed little or no change. The 
decrease of lymphocytes apparent at from 
three to five hours rarely lasted more than 
thirty hours. The peak number of neutro- 
phils was usually noted at from seven to 
forty-eight hours. Lymphocytic counts 
were usually normal at from seventy-two 
to ninety-six hours. 

The group of sheep not previously ex- 
posed showed similar leucocyte reactions. 
The record for sheep 134 is illustrated in 
graph 1 and is representative of the group. 
The neutrophil counts prior to exposure 
ranged from 1,175 to 1,935/mm.* of blood 
and after exposure they ranged from 3,160 
to 6,600/mm.* of blood. Counts of lympho- 
cytes were from 7,550 to 2,985/mm.* of 
blood and dropped to 1,292/mm.* of blood 
five hours after inoculation. The last 
observations were made the day before 
death, and a slight terminal drop of neutro- 
phils and lymphocytes was noted. Myelo- 
cytes varied from 99 to 251,mm.° of blood 
prior to exposure. From three to twelve 
days after jnoculation, myelocytes ranged 
between 323 and 493. Monocyte counts prior 
to injection were from 85 to 181/mm.* of 
blood and after exposure were within the 
same range (59 to 200). Rectal tempera- 
tures were from 2.5 to 3 F. above preéx- 
posure levels until death. 

The 5 sheep which had several previous 
exposures to L. monocytogenes by routes 
different from intracarotid were fairly uni- 
form in their blood cell reaction. Following 
the initial reaction described above, the 
counts of different types of leucocytes re- 
turned to normal levels in from two to 
seven days. The rectal temperature in- 
creased from 1 to 4 F. at three to five hours 
and returned to normal in twenty-four to 
forty-eight hours. 


Five sheep receiving intracarotid ex- 


posure after one previous injection of L. 
monocytogenes survived and reacted in a 
manner similar to that described for the 5 
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sheep with several previous injections, 
except that blood cell counts took longer 
to return to normal levels. The period of 
reaction was from three to thirty-nine days. 
Graph 2 illustrates the reaction of blood 
cells and rectal temperature of sheep 16 
and was typical for the group. In this in- 
stance, the neutrophil peak of 9,840 cells 
mm.* of blood occurred from two to twenty- 
four hours after injection and, in general, 
remained above the normal level for eight 
days with some variations. Lymphocyte 
values dropped and returned to about nor- 
mal after forty-eight hours. Temperature 
was elevated until the eighth day with a 
peak of 107 F. at twenty-four hours. Two 
sheep, with extended reactions of twenty 
and thirty-nine days, had counts which ap- 
proached normal values at times. The 
neutrophil values reached 10,000 to 15,000 
at seven to thirty hours after exposure, 
then dropped. In one case, neutrophils 
dropped to less than 1,000 at six days but 
usually the values were around 4,000 to 
5,000. Both these sheep had elevated tem- 
peratures for two and three days, followed 
by four days of temperature of 1 to 1.5 F, 
below their previous normal level. 

Three sheep receiving L. monocytogenes 
in the carotid artery after one previous 
exposure died twenty-five, twenty-seven, 
and fifty-seven days later. A curious finding 
was that leucocyte counts became normal 
for an interval after the first reaction, The 
data on sheep 158 are used to represent 
this group (graph 3). The marked drop 
of neutrophils ten minutes after exposure 
to 68 cells/mm. noted in sheep 158 was not 
found in any other sheep injected via the 
carotid artery. The later increase of neu- 
trophils and decrease of lymphocytes was 
similar to that noted in other sheep with 
intracarotid exposure. Normal values for 
blood cells were found in 2 sheep at three 
and four days and were reached in sheep 
158 between one and eight days after inocu- 
lation. The high values for neutrophils 
were not again noted until three days be- 
fore death in sheep 158 and 1 other sheep. 
The other sheep of the group had an in- 
crease of neutrophils on the day of death 
and the day preceding. On the second and 
third day preceding death, neutrophils were 


Legend for Color Plate on Opposite Page 


Water color reproductions of cells found in circulating blood of sheep. Cells | to |! represent develop- 
mental stages of neutrophils. Cell | is most immature and cells 10 and |! represent adult cells. 
Variations in the rate of development between nucleus and cytoplasm are evident in cells 4 and 6 
where the nucleus has begun to lobulate and the cytoplasm is relatively more primitive. 
Cells 12 and 15 are lymphocytes; cell 13 is an eosinophil; cell 14 is @ monocyte: and cells 16 are 


erythrocytes. Wright's stain; water color reproduction; the cel! outlines were drawn with a camera lucida. 
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somewhat lower than normal. Only 1 of received L. monocytogenes from two to 15 
the 3 sheep had a sustained increase of times. 
temperature during the observation period Six sheep died within one to five days 
This was the animal that lived fifty-seven (2 at one day, 1 at three days, 1 at four 
days and had a temperature of 104 to 105.3 days, and 2 at five days). These animals 
F. for the last thirty days. Its normal all had essentially similar reactions of their 
range had been 102 to 103 F. blood cells. The data on 2 which are repre- 
Intracerebral Exposure.—Eight sheep sentative are shown in graph 4. The reac- 
were given 0.25-ml. amounts of L. monocy- tion consisted of a marked increase in neu- 
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Graph 4—Leucocyte counts and 
000 me temperatures on sheep receiving 
| 0.25 mi. of broth culture of Lis- 
feria monocytogenes in the cere- 
¢ 4 brum. Counts of leucocytes are on 
| a logarithmic scale and tempera- 
ture values follow arithmetic pro- 
gression. 


Sheep 105 had no previous con- 
tact with the culture and sheep 647 
had |5 previous exposures. On the 
day of injection (0), for sheep 105 
the postexposure count was made 
at one and one-half hours: for 
sheep 647 the counts were made 
at three and one-half hours and six 
hours. 


togenes culture in either the right or left™trophils which tended to drop as the sheep 
cerebral hemisphere. The operations were were dying. Two sheep observed ten 
done with local anesthesia and under aseptic minutes after inoculation showed no change 
conditions. None of the sheep showed and a_ slight decrease of neutrophils, 
symptoms immediately after the operation respectively. Lymphocyte numbers tended 
that could be associated with trauma to the to drop with the lowest values at death. 
brain tissue. One sheep had no previous Monocytes and myelocytes showed no uni- 
exposure to the culture and 7 had previously form change of pattern Body tempera- 


TABLE |—Normal! Values for Leucocytes per Cubic Millimeter of Blood® 


Lymphocytes Neutrophils Mvelocytes Monocytes Rasophils Besinophils 
Menar Mear ed Mear sd Mear sd d Mean s.d 
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tures were slightly elevated on the day of 
inoculation and steadily increased to the 
time of death. 

Sheep 67 provided an unusual reaction. 
There was a moderate increase of neutro- 
phils after exposure and a drop to leas than 
normal at seven days. On the twenty-third 
day, it appeared ill and counts of the blood 
showed a slight decrease of lymphocytes 
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increase of neutrophils. Blood counts re- 
turned to normal in six days. Tempera- 
ture was elevated 3 to 3.5 F. for about three 
days. 

Intravenous Exposure. — Seven sheep 
were used, 3 of which had from seven to ten 
previous exposures to L. monocytogenes. 
Two of the sheep had one previous exposure 
and 2 had no previous exposure. The reac- 
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Graph 5—Leucocyte counts and temperatires on sheep 67 after intracerebral inoculation of 0.25 mf. 
of Listeria monocytogenes. Counts of leucocytes are plotted on a logarithmic scale and temperature 
values follow arithmetic progression. On the day of exposure (0), counts were made three and five hours 
after inoculation. During the interval from six to sixteen days, the values may be considered normal. 


and increase of neutrophils. On the 
twenty-fourth day, the blood counts were 
similar to those of sheep with active infec- 
tion (graph 5). The animal became mori- 
bund on the twenty-fifth day and was sacri- 
ficed. Attempts were made to isolate the 
organism from the brain, spleen, marrow, 
and lymph node with negative results. 
There was a localized accumulation of leuco- 
cytes in the arachnoid over the cerebral 
hemisphere, similar to that seen in other 
sheep with experimental infection. 

Sheep 802 survived intracerebral expo- 
sure. The reaction of this sheep was char- 
acterized by a more marked and sustained 


tions were different in these three groups 
of sheep. 

Those with previous multiple exposures 
had a drop in number of neutrophils for 
the first three hours and a marked increase 
apparent at seven hours and lasting forty- 
eight hours. A normal level was reached in 
four to five days. Lymphocytes showed a 
drop about two to five hours after exposure, 
but had returned to normal in from one to 
four days. Marked elevation of tempera- 
ture occurred (3 to 4 F.) in from three 
and one-half to four hours. Normal tem- 
peratures were obtained in two to three 
days. The record of sheep 286 serves as 
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an example of reaction obtained (graph 1). 

Two sheep which had only one previous 
exposure showed a marked increase in neu- 
trophils following a preliminary slight 
decrease. The peak existed at seven to 
twenty-four hours and the normal levels 
were reached at three days. Lymphocytes 
decreased at from one to seven hours and 
returned to their normal level at twenty- 
four hours in 1 sheep and at three days in 
the other sheep. Temperatures increased 
2.5 to 3.5 F. at four to seven hours and 
were normal at twenty-four hours. The 2 
sheep without previous exposure had an 


increase of neutrophils at seven hours with- 
out a preliminary decrease. The lymphocytes 
of both sheep were moderately depressed 
on the inoculation day. Both neutrophils 
and lymphocytes were at normal levels 
in 1 sheep at forty-eight hours. In the other 
sheep, lymphocyte numbers were normal at 
twenty-four hours and neutrophils were 
normal at seventy-two hours. The temper- 
ature peak was 4.5 to 5 F. above normal 
and the temperature remained elevated 
through the fifth day. 

Monocytes varied through what was con- 
sidered a wide range in all sheep given 


TABLE 2—General Summary of Reactions of Sheep to Experimenta! Listeriosis 
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cultures of L. monocytogenes via jugular 
vein. 

Subcutaneous Exposure. - 
were given cultures of L. monocytogenes 
in the subcutaneous tissues and 2 were 
given a second similar exposure. Of the 11 
trials, four were made in sheep not pre- 
viously used, one in a sheep with one pre- 
vious exposure, and six in sheep that had 
from seven to 15 previous exposures. The 
reaction of blood cells was essentiaily simi- 
lar in all 11 trials (graph 3). The increase 
of neutrophils was moderate at seven hours 
and marked at twenty-four hours 


Nine sheep 


Graph 6—Leucocyte counts and 
temperature reactions of sheep 67 
after intradermal and intratibia! 
(marrow) inoculation of 0.25 ml 
of broth culture of Listeria mono- 
cyfogenes. The animal had been 
exposed twice previously. 


Counts of leucocytes are nlotted 
on a logarithmic scale and tem- 
perature values follow arithmetic 
progression. On the days of ex 
posure (0), counts.were made prior 
to and at three and seven hours 

after injection. 
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Neutrophils reached normal preéxposure 


levels at four to five days. In two trials, 
normal levels were reached in one and three 
days and in two other trials at six days 
The number of lymphocytes was slightly, if 
at all, affected. Myelocyte counts varied 
over their normal range. Body tempera 
ture was not greatly affected. In most in 
either no change or a slight in 
crease of 1 F. was noted in the group whose 
first exposure was Via the subcutis. Seven 
trials on sheep previously exposed showed 
a moderate temperature elevation of 1 to 
2.5 F. which developed during the day of 


stances, 
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inoculation and lasted twenty-four to forty- 
eight hours. 

Exposure into Median Artery. Two 
sheep not previously used were given L. 
monocytogenes culture in the median artery 
at a dosage of 0.05 ml. per pound body 
weight Both had an increase of neutro- 
phils (more marked in 1) one and one-half 
to five hours later. This lasted for two 
days Lymphocytes were moderately de- 
creased on the day of inoculation and later 
normal, Temperature wus elevated from 
the second to seventh day following expo- 
sure 


One sheep was killed twenty-six days 
after exposure and attempts to isolate L. 
monocytogenes from the brain and visceral 
organs were negative 

Intradermal Exposure.—Five sheep, all 
of which had been previously exposed, were 
0.25 ml. of broth culture of L 
There was no local systemic 
reaction following this exposure. The reac- 
tion of blood cells was very slight with 
mly a transient increase in neutrophils 
Sheep 67, graph 6, is typical.) Tempera- 
ture was very slightly, if at all, affected. 

Intratibial Exposure.—Five sheep were 
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exposed to L. monocytogenes by injecting 
0.25 mi. of broth culture into the marrow 
cavity of the tibia. The operations were 
done under local anesthesia and with rea- 
sonably aseptic conditions. One animal 
(sheep 67) had been exposed three times 
previously and showed the most marked 
reaction (graph 6). Neutrophils increased 
and lymphocytes decreased with maximum 
and minimum levels noted at seven hours. 
Temperature increased 3 F, on the day of 
inoculation. The return to normal of both 
blood cells and temperature was rapid and 
complete in forty-eight hours. Two sheep 
had ten and 2 had 13 previous exposures. 
These had a similar but milder resection to 
that shown in graph 6. 

Intramuscular Exposure. Four sheep 
were given cultures of L. monocytogenes in 
the biceps femoris muscle. The dosage was 
0.05 ml. per pound body weight. This was 
injected at one site. One sheep had seven 
previous exposures, 2 sheep had 11, and 1 
had 21 previous exposures. Three of the 
sheep reacted in a similar way. Neutrophils 
increased, reaching peak levels at thirty 
hours, and slowly returned to normal on 
the fourth day. Lymphocytes remained at 
preéxposure levels in 2 sheep. Lymphocytes 
were diminished slightly in 1 sheep and 
moderately in the other. The slight lym- 
phopenia lasted three days in 1 sheep. Body 
temperature was irregular with 1.5 to 2.5 
F. elevation at twenty-four and thirty 
hours. Norma! temperature was found at 
forty-eight hours and remained so 

Per Os Exposure. Three sheep were 
given L, monocytogenes cultures in amounts 
of 0.1 ml. per pound body weight. This was 
wiven in gelatin capsules. The sheep had 
from two to 18 previous exposures. The 
reactions of all 3 sheep were essentially 
the same. The increase of neutrophils was 
moderate and the highest point was noted 
at twenty-four to thirty hours. The in- 
crease persisted four to five days. Lympho- 
cyte numbers and body temperature re- 
mained within the normal range of each 
sheep 


DISCUSSION 


Variation was observed in 
the way sheep react to exposure with L. 
monocytogenes table 2) Two principal 
factors seemed involved in determining the 
type of reaction, namely, the method of 
exposure and whether the sheep had been 
previously exposed to the organism 
Animals exposed by way of the carotid 
artery had a similar reaction of neutro- 
phils, lymphocytes, and body temperature, 
irrespective of whether they had been pre- 
viously exposed, The factor of previous 


Considerable 
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exposure seemed to determine whether the 
sheep would die as a result of the intra- 
carotid injection of L. monocytogenes. In- 
jection of the culture into the median artery 
of sheep not previously used did not cause 
death. Since such susceptible sheep would 
die if exposed via carotid artery, direct 
transit to the brain must be one essential 
factor in the production of fata] listeriosis 
of sheep. Injection of a culture against 
the flow of blood in a ligated carotid artery 
probably reaches the brain through anasto- 
mosis with the vertebral artery. A similar 
type of reaction of blood cells and body 
temperature followed intracerebral expo- 
sure with L. monocytogenes. 

Intravenous exposure yielded different 
results. None of the sheep died after re- 
ceiving the organism in the jugular vein. 
Sheep which had received one or more pre- 
vious exposures to L. monocytogenes had a 
preliminary decrease in neutrophils imme- 
diately after injection which was followed 
by the characteristic increase of neutro- 
phils at a later time. This immediate de- 
crease of neutrophils was more marked in 
those sheep which had several previous 
exposures to L. monocytogenes.* 

The other methods of exposure, subcu- 
taneous, intradermal, intratibial, intramus- 
cular, and per os caused an increase in 
neutrophils, the extent and duration of 
which was somewhat variable. Some dif- 
ferences were noted in the reaction of 
circulating lymphocytes. While in general 
the number of lymphocytes decreased after 
the introduction of L. monocytogenes, there 
was no change of lymphocytes in sheep in- 
jected intradermally or per os. The sheep 
receiving a subcutaneous exposure and 
which had a previous exposure to the 
organism showed no change of lymphocytes 

Usually, there was a febrile response 
fo lowing introduction of L. monocytogenes, 
The extent of this varied with the different 
methods of injection. Subcutaneous expo- 
sure of fresh sheep and intradermal end 
per os exposure caused no change in body 
temperature 

It is difficult to compare the observations 
with the reported work of others, for, in 
many instances, relative percentage values 
for leucocytes were given without stating 
the total number of leucocytes in the cir- 
culating blood, and, in others, only general 
comments were made. Gill’ reported obser- 
vations on three spontaneous cases of liste- 
riosis in which he observed a high number 
of neutrophils and a low number of lympho- 
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cytes. These were based on differential 
counts only and expressed as percentage 
values. Gill'* also made differential counts 
on experimentally produced cases of liste- 
riosis in sheep. One sheep, exposed by way 
of the carotid artery, had 61 per cent neu- 
trophils in the blood at time of death. In 1 
sheep exposed by way of the nose, there was 
67 per cent neutrophils in the blood at time 
of death. Graham, Dunlap, and Brandly' 
reported that the blood picture of 5 field 
cases of listeriosis in sheep showed no devia- 
tion from normal, Graham, Dunlap, and 
Levine’® reported observations on the blood 
of experimental listeriosis in sheep. Four 
animals were injected in four different 
ways. The lamb exposed intracerebrally 
died in two days and showed a marked in- 
crease of neutrophils at one day. At this 
time, the lymphocytes were decreased and 
the monocytes had increased. The sheep 
injected intravenously died in eighteen 
days. There was a relative percentage in- 
crease of neutrophils and decrease of 
lymphocytes at twelve days. Only a slight 
percentage decrease of neutrophils was 
observed in a sheep exposed on the con- 
junctiva. A lamb exposed by feeding culture 
through a stomach tube showed a relative 
decrease of neutrophils and an increase of 
lymphocytes at ten days. Blood counts 
were also reported on 8 field cases in which 
there was a relative increase of neutrophils 
and a decrease of lymphocytes in 2 of them; 
the third case was normal.'? Graham, Mor- 
rill, and Levine'® reported a general de- 
crease in the total leucocyte count and a 
relative increase of neutrophils following 
the intravenous injection of culture into 
sheep which had previously received a 
killed bacterin of L. monocytogenes. 
Jungherr?? reported a normal differential 
count of 1 spontaneous field: case of liste- 
riosis and 1 experimentally produced case 
following exposure via the carotid artery 
Muth and Morrill?‘ reported a differential 
count on a spontaneously infected sheep in 
which they indicated neutrophils at 44 per 
cent, lymphocytes at 47 per cent, and mono- 
cytes at 5 per cent. Biester and 
Schwarte*: * reported a definite increase of 
monocytes in field cases of listeriosis in 
both sheep and swine. The apparent con- 
tradictions of reports in the literature are 
no doubt due to the fact that relatively 
few observations had been made. Further- 
more, these observations were reported in 
terms of percentage values rather than 
absolute values for the different types of 
leucocytes. 

It should be noted that Julianelle?' ob- 
served variations in the blood reaction of 
rabbits to L. monocytogenes. Sometimes, 


EXPERIMENTAL LISTERIOSIS OF SHEEP 39 


there was neutrophilic leucocytosis rather 
than monocytosis and even a leucopenia 
rather than leucocytosis. 

It would seem that L. monocytogenes 
has the property to stimulate a monocytosis 
in rabbits** and chickens.® Guinea pigs 
are reported to respond with a mono- 
cytosis."”. 2° White mice are reported to 
show a monocytosis,”” or to show a relative 
increase of neutrophils when exposed to 
strains of L. monocytogenes coming from 
chickens.” Chapman’ has reported a 25 per 
cent monocyte value with a leucocyte count 
of 16,400 in a spontaneous case of the dog. 
The blood cell reaction in human beings 
infected with L. monocytogenes is still not 
clear.*° Burn® and Carey® have reported an 
increase of neutrophils in human cases. 

Sufficient data have been accumulated in 
our study to justify the comment that L. 
monocytogenes is capable of producing a 
neutrophilic leucocytosis and a suppression 
of the number of lymphocytes in the circu- 
lating blood of sheep. The rapidity and 
intensity of increase in number of neutro- 
phils is indeed surprising. Conway’ !! 
has shown the rapidity with which path- 
ologic changes can occur in experimental 
listeriosis of the rabbit. As previously men- 
tioned, the reaction of neutrophils and 
lymphocytes as well as the temperature 
reactions are controlled by two factors, One 
is the method of exposure to the organism 
and the other is probably related to the 
immunity status of the individual sheep 
Evidence of such immunity is rather strik- 
ingly shown in the group of sheep receiving 
L. monocytogenes via the carotid artery. 
One hundred per cent of those sheep not 
previously exposed died, while, of sheep 
which had one previous exposure, only 38 
per cent died, and, of sheep receiving mul- 
tiple previous exposures, none died follow- 
ing intracarotid exposure. This resistance 
is perhaps associated with the so-called 
“blood-brain barrier” to infection. The re- 
actions of the blood cells and temperature 
could not be associated with the immunity 
status of the sheep. The reactions of the 
blood were, however, indicative of the out- 
come following experimental inoculation. 
For, when the outcome was fatal, the char- 
acteristic changes either persisted in the 
blood or became manifest in the terminal 
stages following a period of apparently 
normal levels. 

The finding of immature neutrophils in 
the circulating blood of apparently normal 
sheep was unexpected, No detailed studies 
on this aspect have been found in the avail- 
able literature. The correctness of the 
observation is substantiated by an increase 
of such cells following a heavy demand for 
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neutrophils, as well as by tracing the mor- 
phologic development through different 
stages (plate 1). In some instances, the 
large number of immature granulocytes, 
some of which could be traced back to the 
progranulocyte stage, created the appear- 
ance of a “leucemoid” reaction 


SUMMARY 


The blood cell and body temperature re- 
actions of 28 sheep were studied in 63 
exposures of the sheep to Listeria mono- 
cytogenes. The exposures were made by 
different routes, including the carotid 
artery, the cerebrum, the jugular vein, the 
subcutaneous tissue, the dermis, the bone 
marrow of the tibia, muscle tissue, and per 
os. In general, there was an immediate 
increase of neutrophils and a decrease of 
lymphocytes jody temperature was in 
general increased. The degree of change 
was related to the method of exposure and 
perhaps the immunity status of the sheep. 
Fatal infections were induced by exposure 
into the carotid artery or directly into the 
cerebrum only. Sheep which had been pre- 
viously exposed to the organism were rela- 
tively resistant to exposure by way of the 
carotid artery, so far as a fatal outcome is 
concerned 

Immature neutrophils are present in the 
circulating blood of apparently normal 
sheep. Following a heavy demand for neu- 
trophils, as a result of exposure to L. mono- 
cutogenes, many immature neutrophils were 
found in the blood 
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The Neuropathologic Diagnosis of Hog Cholera 


C. F. HELMBOLDT, D.V.M., M.S.. and E. L. JUNGHERR, Vet. Dipl., D.M.V. 


HOG CHOLERA presents many differential 
diagnostic problems. This paper deals with 
the authors’ experiences in the neuropatho- 
logic diagnosis of hog cholera. soynton 
et al.® pointed out that the more experienced 
the clinician the more difficulty he has in 
making a diagnosis, owing to his knowledge 
of overlapping symptoms and lesions. At 
any rate, hog cholera may be confused with 
other diseases 

Manninger,” Pinkerton,” and Seghetti” re- 
ported cases of salmonellosis which produced 
symptoms and lesions of hog cholera. Udall’ 
stated that hog cholera might be confused with 
erysipelas and pasteurellosis. Hutyra ef al.” 
listed erysipelas, salmonellosis, Aujeszky's dis- 
ease, and swine influenza as confusing en- 
tities. Kernkamp and Fenstermacher” pointed 
out that the disease is difficult to diagnose 
when it exists in the subtypical form; they 
further remarked that most people are reluc 
tant to accept a diagnosis of hog cholera when 
the animals had already been vaccinated. 

In Connecticut, the majority of swine 
herds are garbage fed, and as a result are 
exposed to various porcine infections. Hog- 
cholera vaccination, together with hemor- 
rhagic septicemia vaccination, is practiced 
widely as the work is done at state expense. 

Transmission of the disease to susceptible 
animals is the diagnostic method of choice, 
but is usually impractical owing to a lack 
of susceptible stock. To circumvent this 
disadvantage, a more rapid and economical 
method is needed. 

King and Wilson,” as well as Lewis and 
Shope,” found leucopenia in the early stages 
of hog cholera to be of diagnostic assistance 
Boynton al. observed intranuclear “inclu 
sion bodies” in the epithelium of the gall blad 
der, which these authors considered specific 
European workers examined the brain histo- 
logically as it is known that hog cholera cause 
symptoms referable to the central nervous sys 
tem. Fekete’ reporied rabies-like symptoms, 
Eberdeck," weakness and posterior paralysis, 


Udall,” motor irritation as manifested by 
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twitching and convulsions, and Hutyra et al.,” 
depression, convulsions, weakness, and vomit 


ing. 


Keview oF LITERATURE 


Huguenin” noted hemorrhages, edema, hy- 
peremia, and inflammatory processes in 20 
per cent of the brains examined. 

Brunschwiler* reported dilated blood vessels, 
lymphocytic perivascular infiltration, and 
endothelial swelling in 39.5 per cent of the 
brains examined. 

Réhrer™ found microscopic changes of the 
brain in 75 per cent of his cases. The most 
conspicuous changes consisted of vascular in 
filtrations by histio ytes He also observed 
neuronophagia and both intranuclear and in 
tracytoplasmic inclusion bodies in the neurons 
Rohrer and Graf® considered hog cholera as a 
true encephalitis to which the latter author 
added the involvement of the cord (myelitis) 

Laumen™ regarded vascular and perivascu 
lar infiltrates by lymphocytes to be the sig 
He found them to be common 
cerebral peduncle 


Ammon's horn, 


nificant lesion 
in the choroid plexuses, 
corpus striatum, thalamus, 
cerebellar pia, and cerebral cortex. 

Seifried” saw neuropathologic alterations in 
33 of 39 artificially induced cases of hog chol 
era. He interpreted the process as a true en 
cephalitis, with or without myelitis, which was 
vascular and perivascular 
infiltrations by lymphocytes, mononuclear 
and some plasma cells. Focal glial prolifera 
tions were observed in the vicinity of blood 
Satellitosis and neuronophagia were 
The lesions were seen as early as 


characterized by 


vessels, 
infrequent 
six days postinfection 
nications,” he pointed to the periventricular 
areas and the ventral portions of the brain as 
the preferential sites of the encephalitic proc 
classified hog cholera as en 


In subsequent commu 


ess; and in 1934, 
cephalomyelitis type II with approximately 
equal changes in the gray and white matter, 
while encephalomyelitis type I showed changes 
primarily in the gray matter 

Salvalaglio®® saw endothelial proliferation 
and lymphocytic perivascular infiltration ir 
the brains of 29 of 35 hogs dead of hog cholera 


MATERIALS AND METHODS 


The material examined was obtained from 
hogs submitted to this laboratory for autopsy. 
The earliest specimen was submitted Jan. 8, 
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1938, and the remainder up to June, 1949. If, 
as Littsachwager” believed, the character of 
the virus may vary from year to year, the 
eleven-year period should cover at least some 
of these variations. In all, 89 cases of dis- 
eased hogs were examined and 35 normal hogs 
were secured from a nearby abattoir and from 
an experimental vitamin A project. 

Bateriologic examinations were made of the 
viscera; rabbit inoculations were used to rule 
out Aujeszky’s disease. Tissue blocks were 
taken of the viscera and the visibly affected 
lymph nodes for histopathologic study. 

The brains were fixed in 10 per cent formol 
saline. The majority of the brains were cut 
crosswise at the levels of the optic chiasma, 
mammillary body, oculomotor nerve, pons, and 
the medulla. Representative blocks were em- 
bedded in paraffin and stained with hematoxy 
lin-triosin. 


RESULTS 


The anatomic alterations observed in the 
porcine brain could be divided roughly into 
those involving the ectodermal and those 
involving the mesodermal elements. The 
former changes were seen primarily in 
young swine without any relation to antece- 
dent diseases and were considered nonspe- 
cific. The latter ones were representative 
of a nonsuppurative encephalitis, which, in 
this region, was considered to be due to the 
virus of hog cholera. The data are sum- 
marized in table 1. 

Nonspecific Ectodermal Giliosis._-Cellular 
aggregates were frequently found in close- 
ly knit groups as subependymal nests (fig. 
1) or as more loosely formed foci periven- 
tricular to the lateral ventricles (fig. 2). In 
hematoxylin-triosin preparation, the nuclei 
appeared naked and were smaller than the 
nuclei of astrocytes, oval to round, and hy- 
perchromatic. In frozen sections stained 
with silver carbonate (McClung®*) these 
glial cells showed few stubby processes 
characteristic of oligodendroglia (fig. 3 
Similar foci were accorded pathologic sig- 
nificance by Réhrer®™® and Eberdeck." On 
the other hand, Laumen,** Rohrer and 
Graf,®® and Kébe and Schmidt** stated that 
they occurred in normal swine and were 
nonpathologic in character. In our study 
of 35 normal swine, such glial foci were 
seen in 24 (table 1); among &9 swine with 
various noninfectious and infectious dis- 
eases, they appeared in 37 cases, There was 
no obvious relation of ectodermal glial foci 
to vaccination, but there did seem to be a 
trend toward their decrease in incidence 
and intensity with advancing age. 

The functional roles of neuroglia and of 
oligodendroglia in particular are not defi- 
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nitely understood. According to Freeman,® 
the latter may be actually responsible for 
myelinogenesis, while Ranson® ascribes to 
them chiefly a regulatory and metabolic 
function. If this concept were correct, the 
increased occurrence of such cellular foci 
could be interpreted as aberrant oligoden- 
droglia elements in the developing brain. 
Although these cellular agyregates do not 
belong to the normal cytoarchitecture of 
the porcine brain, they occur with such reg- 
ularity and without relation to recognizable 
pathologic processes that they must be con- 
sidered within the range of normal histo- 
anatomic variations and should not be ac- 
corded pathologic significance 

Spe cific Mesodermal Reactions. The le- 
sions associated with hog cholera were 
found in the following order of frequency: 
vascular and perivascular cuffs, microgliosis, 
leptomeningeal infiltrates, capillary hemor- 
rhages, and hvyalinization of the vascular 
wall. 

The vascular and perivascular infiltrates 
varied from a few cells (fig. 5 to 7) in the 
Virchow-Robin space to lesions crowding 
the perivascular space of His (fig. 10, 12). 
The cellular elements appeared to be chiefly 
lymphocytes with an occasional plasma cell 
The lymphocytes were morphologically iden- 
tical with similar cells seen in other sec- 
tions of the same animal and corresponded 
to the description of the cells involved in 
nonsuppurative encephalitides of man 

The vascular and perivas¢ ular lesions 
seen in hog cholera were generally well pro- 
nounced. Of 31 cases not complicated with 
other conditions, only 3 failed to exhibit 
them. Of 13 cases of hog cholera compli- 
cated with secondary conditions such as sal- 
monellosis, only 1 failed to show them 

In comparison with the vascular changes. 
the microglial foci occurred much less fre 
quently. These aggregates were of gen- 
erally loose composition and irregular. oc- 
currence in either the white or the gray 
matter. The nuclear components were small. 
polygonal to oblong, strongly hyperchro- 
matic, and readily identifiable as microglia 
or scavanger cells. They differed by virtue 
of their distinct morphology and variable 
localization from the nonspecific oligoden- 
droglia aggreyates described above 

Leptomeningeal infiltrates fig. 8, 9 
were not common lesions. Of all hog-chol- 
era cases, only 4 showed a recognizable men- 
ingitis, 4 others were considered question- 
able The cellular elements involved were 
obviously lymphocytes 


Capillary hemorrhages (fig. 10) were 
relatively infrequent. Their presence was 
expected since the virus of hog cholera is 


regarded as endotheliotropic by Eberdeck.' 
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Further evidence for this property is fur- 
nished by the well-known visceral hemor- 
rhages which have been tabulated in detail 
by Kernkamp.*° 

Hyaline degeneration (fig. 11) of the vas- 
cular walls was ‘likewise an infrequent 
lesion. The hyalin was of the connective 
tissue type and was seen primarily in the 
small arteries, involving the media. The 
process might be considered an extension 
of the endotheliotropic properties of the 
virus. Hutyra al.'* reported hvyaliniza- 
tion of the blood vessels of the brain to the 
point of bringing about occlusion of the 
lumens. 

The localization of the specific mesoder- 
mal lesions was not confined to any particu- 


TABLE |—Incidence of Neuroanatomic 


Alterations in Various Porcine Conditions 


CHOLERA 


lar anatomic portion of the brain, although 
there was relative predilection for the brain 
stem (table 1). The gray and white mat- 
ter seemed to be equally involved in the 
pathologic process. Although no total 
count of the lesions was made, a random 
sample of 166 sections showed specific 
changes in the white matter of all sections, 
and in the gray matter in 134 sections, 
an insignificant difference probably condi- 
tioned by the relative anatomic distribution 
of these two substances. 

The intensity of the pathologic altera- 
tions was not paralleled by the reported se- 
verity and duration of the disease. For 
example, an adult sow which presented 
barely detectable signs and symptoms, and 
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yielded hog-cholera virus on inoculation, 
manifested diffuse and marked encephalitic 
changes. These observations corroborated 
the findings of Laumen** on spontaneous 
cases and those of Seifried®® on induced 
cases of hog cholera. A similar situation 
has been reported for 24 cases of anterior 
poliomyelitis in man by Bodian.* 

Vaccination with serum and virus before 
the onset of the disease was apparently not 
capable of inducing neuropathologic lesions. 
According to the data presented of 35 vac- 
cinated and 45 nonvaccinated cases, not pre- 
senting evidence of hog cholera, none 
showed lesions herein considered specific. 

Mesodermal Reactions in Other Diseases. 

Mesodermal reactions are seen in at least 
four other diseases of swine: Aujeszky's 
disease, Teschen disease, rabies, and lis- 
teriosis. 

Aujesky’s disease, according to Hurst,'® 
causes a nonsuppurative encephalitis with 
meningitis, perivascular infiltration, and 
microglial proliferation in the gray and 
white matter. Hirt'® saw essentially the 
same lesions, an opinion concurred in by 
Joest.'7 Salyi®? considered the brain lesions 
as identical with those of hog cholera. 
Shahan et al.*? also saw meningitis, micro- 
glial proliferation, and perivascular infiltra- 
tion as noted previously. Ray*' and Shahan 
et al.*? pointed out that it is possible to 
differentiate hog cholera from Aujeszky’s 
disease on the basis of animal suscep- 
tibility, since rabbits and mice readily de- 
velop the latter disease. Aujeszky’s dis- 
ease has not been seen in Connecticut so 
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that it is not considered to be of differen- 
tial diagnostic importance, 

Teschen disease or infectious porcine en- 
cevhalomyelitis has thus far been reported 


only from Central Europe. Diernhofer® 
described its neuropathology as chiefly oc- 
curring in the srray matter and the ventral 
parts of the spinal cord, and as consisting 
of neuronal destruction, perivascular infil- 
tration by lymphocytes, meningitis, and 
gliosis. Sometimes the condition repre- 
sented a definite anterior poliomyelitis, a 
feature confirmed by Kaplan and Meranze.'* 
Fortner*® could produce the disease by intra- 
nasal injection of susceptible swine, but not 
of other animals; he saw vascular and peri- 
vascular infiltrates, and gliosis in the Lrain 
and cord. Grau'*? observed perivascular in- 
filtration, diffuse and focal gliosis, neuronal 
degeneration, meningitis, and filling of the 
central canal of the spinal cord with lympho- 
cytes. Kaplan and Meranze'® felt that 
Teschen disease could be differentiated from 
Aujeszky’s disease by symptoms and by 
animal inoculation, and from hog cholera by 
symptoms. 

Rabies is known to cause a nonsuppura- 
tive encephalomyelitis which can attack all 
parts of the brain and cord, but may be most 
pronounced in the central nervous organs 
functionally related to the peripheral sites 
of infection.'’? Although the lesions have the 
usual characteristics of mesodermal reac- 


tions, they may occur selectively in the gan- 
glion nodosum of the vagus nerve, and be 
accompanied by the appearance of specific 
Negri bodies. 


The disease has not been re- 


All figures are photomicrographs of hog-brain sections embedded in paraffin and stained with hema- 
toxylin-triosin, except figure 3, which is @ frozen section, stained with Penfield’s second modificaton of 
Hortega's silver carbonate method for oligodendroglia. 


1—One-day old. Normal. Ammon's horn shows 


Fig. 
large subependymal oligodendroglia focus projecting 
into lateral ventricle. x 70. 


Fig. 2—One-day old. Normal. Same specimen as figure 

|. Corpus callosum shows several periventricular oligo- 

dendroglia foci in low center, Lateral ventricle at 

upper surface shows slight diffuse subependymal cell 
aggregetes. x 70. 


Fig. 3—Seven-days old. Normal, Corpus callosum shows 

4 periventricular focus similar to that in figure 2. Spe- 

cial stein reveals characteri:tic short processes of 
oligodendroglia. x 500. 


Fig. 4—Approximately 105-days old. Vitamin B-complex 
deficiency. Vaccinated forty-two days previously. No 
gross lesions. Cerebellum shows marked vacuolation of 


Purkinje cells. x 200. 


Fig. 5—One hundred and twenty-days old. Salmonel 
losis bacteriologicelly and hog cholera histologically. 
Vaccinated sixty days previously; treated with serum 
and mixed bacterin ten deys previously. Gross pneu- 
monia. Posterior aspect of corpora quadrigemina. Sev 
eral perivascular cuffs dorsal to the third ventricle are 
diagnostic of hog cholera. x 27. 


Fig. 6—One hundred and eighty-deys old. Pasteurel- 
losis bacteriologically and hog cholera histologically. 
Vaccinated one hundred and twenty deys previously. 
Grossly “turkey egg’ kidney and pneumonia. Thelamus 
shows two perivascular infitrates in lower half and three 
microglial foci in upper half. « 90. Note difference in 
size between mesodermal glie! cells in figures 6 and |! 
and ectodermal glia! cells in figures | and 2. 
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ported as occurring In swine in Connecticut. 
It could be differentiated from hog cholera 
on the basis of symptomatology and animal 
inoculation. 

Listeriosis has been reported in swine by 
siester and Schwarte' and others. The dis- 
ease causes marked mesodermal reactions 
of the meninges and the brain substance, 
and, in addition, necrotic foci and polymor- 
phonuclear infiltrates, If the porcine lesions 
resemble those in ruminants as observed at 
this laboratory, they would be primarily 
confined to the brain stem. Furthermore, 
the disease can be diagnosed by bacterio- 
logic methods and animal inoculation. Lis- 
teriosis in hogs is not known to occur in 
Connecticut according to a ten-year survey 
by Gifford and Jungherr.’” 


Neuropathology im Complicated Hog 
Cholera and Other Diseases.—Aside from 
31 cases of uncomplicated hog cholera, 


which in most instances showed suggestive 
visceral lesions and were confirmed by neu- 
ropathologic examination, this study in- 
cluded 13 cases in which some other disease 
was demonstrated by postmortem and bac- 
teriologic examination. The latter cases in- 
cluded pasteurellosis, salmonellosis, and 
sulfa and lead intoxication, each of which 
could be considered as an entity. Neuro- 
pathologic examination, however, revealed 
the presence of mesodermal lesions, which 
permitted interpretation of these cases as 
complicated hog cholera. Johannsen'* saw 
many cases of complicated hog cholera and 
concluded that the encephalitic changes 
were not due to the secondary bacterial 
organisms, 

Of 22 cases of various infectious diseases, 
none exhibited the marked mesodermal re- 
actions seen in hog cholera. Seghetti®* re- 
ported uncomplicated cases of salmonellosis, 
which largely presented the symptoms and 
gross lesions of hog cholera. Tissue fil- 
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trates failed to induce hog cholera; brain 
examinations were not reported. Salva- 
laglio** and Rohrer** both were emphatic as 
to the use of the brain for differential diag- 
nosis. 

The mesodermal reaction was conspicu- 
ously absent in all but 44 cases of hog chol- 
era. Only 4 of the remaining 80 cases 
showed perivascular infiltrates and then so 
very slightly as to be easily overlooked. 
There was a marked difference in degree 
between the infiltrates seen in the 4 cases 
and the pronounced lesions in hog cholera. 


ILLUSTRATIVE CASES 


The following cases are reviewed to illus- 

trate the application of neuropathology to the 
differential diagnosis of swine disease. 
Of 150 garbage-fed hogs of various 
ages, which had been treated with 
crystal-violet vaccine eight months previous 
to the outbreak, 10 showed anorexia and de- 
pression during a two-week period and 3 died. 
Iwo veterinary consultants did not believe the 
condition to be hog cholera. A 200-lb sow, 
afebrile and reported as not eating, was sacri- 
ficed. Autopsy failed to reveal any significant 
gross changes. Neuropathologic examination, 
however, showed marked encephalitis. A 
2-month-old susceptible pig, injected with 
citrated blood and ground spleen of this sow, 
showed high fever on the fifth day postinjec- 
tion and a few typical renal hemorrhages, 
when sacrificed on the eighth day. The brain 
again showed pronounced encephalitis. In 
the field herd, a typical outbreak of hog chol- 
era commenced about one week after the above 
mentioned episode and was brought under con- 
trol by marketing all adult animals and simul- 
taneous vaccination of the weanlings. This 
case could be interpreted as subtypical hog 
cholera, in the terminology of Kernkamp and 
Fenstermacher.* 
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Description of Figures 


All figures are photomicrographs of hog-brain sections embedded in paraffin and stained with 


Fig. 7—One hundred and eighty-days old. Same speci 

men as figure 6. Corpora quadrigemina show three 

perivascular infiltrates and several thickened capillaries 
due to endothelial hypertrophy. x 70 


Fig. 8B—Same specimen as figure 6. Cerebrum shows 
one perivascular cuff in low center and subpial infil- 
trates in center. x 90. 


Fig. 9—Same specimen as figure 6. Interfolia pia of 
cerebellum shows meningeal infiltration extending into 
Virchow-Robin spaces of two molecular layer vessels. 


x 70. 
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Fig. 10—Same specimen as figure 6. Posterior corpora 
quedrigemine show a large vein in center and « vessel 
above and below, with perivascular infiltrations. x 100 


Fig. |!—Same specimen as figure 6. Thalemus shows 

in low center an arteriole primarily with vascular infil- 

tration: the vascular wall shows hyaline necrosis in 

upper aspect and hemorrhage in left pole. High center 

shows « typical perivascular focus. Upper left corner 
shows a microglial focus. x 70 


Fig. 12—Same specimen as figure 6. Cerebrum. Cortex 
shows small to large perivascular infiltrates. x 70. 
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Case 2.—Of 48 hogs, constituting the herd 
of a penal institution, which were fed garbage 
largely consisting of potato salad, all had been 
vaccinated supervision, but 
two thirds had succumbed to an illness diag- 
nosed by 2 veterinarians as hog cholera. Two 
lite specimens showed convulsions; the 1 sacri 


under state over 


ficed failed to reveal gross lesions but showed 
marked vacuolation of the cerebellar Purkinje 
cells (fig. 4) and the large neurons of the Am 
horn; the other was treated with vita- 
min B complex and recovered within six days 
A similar response was obtained in the field. 
In this instance, the neuropathologic examina- 


mon's 


tion ruled out the possibility of hog cholera. 

Cane In a herd of 500 garbage-fed hogs, 
a group of 175, said to have been vaccinated 
became ill and suffered high mortality. 
Iwo veterinarians believed the condition to be 
pasteurellosis, on the basis of gross pneumonic 
findings. Treatment with 
hemorrhagic septicemia bacterin and sulfona 

ineffective. Three 
received as specimen pro 
encephalitis, thereby establishing a 
diagnosis of hog cholera in spite of the mis 


twice 


and bacteriologic 


mides and 
head 


nounced 


was CATCASSES 


one showed 


leading history. 

Among a herd of 650 hogs, a lot of 
10, 6-month-old pigs showed anorexia and in 
All of them 


supervision 
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codrdination in the hindquarters 
had vaccinated under 
when & weeks old. Of 2 live specimens 
mitted, 1 showed petechiation of the spleen, 
the other of the kidney, and both showed micro- 
scopic encephalitis. Revaccination of the re- 
maining herd with serum and virus brought 
the outbreak under control. In the following 
year, a single animal representing the first 
loss was submitted under similar circumstances 
and revaccination was advised. 

Case 5.—In a recent outbreak, a herd of 200 
pigs, owned by a correctional institute, which 
does not practice garbage feeding, suffered a 
mortality of 7 adult hogs during the preceding 
month. All animals were regularly vaccinated 
for hog cholera and hemorrhagic septicemia 
when & weeks old. The affected animals had 
been treated with hog-cholera antiserum alone, 
penicillin, and sulfonamides without avail. The 
t Jive specimens received (1 adult sow and 2, 
10-week-old pigs) gross 
gestive of hog cholera. The 
substantiated in all 3 instances by the demon- 
stration of encephalitic lesions. Bacteriologic 
exumination was noncontributory. Revaccina- 
tion with serum and virus of all animals im- 
munized more than eight months ago was ad- 
vised, 
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showed lesions sug- 


diagnosis was 


SUMMARY 


The value of neuropathologic examina- 
tion in the differential diagnosis of porcine 
diseases 


is discussed. Gross, microscopic, 
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and bacteriologic, and, occasionally, animal 
inoculation tests on 124 diseased and nor- 
mal specimens submitted during the past 
eleven years were supplemented by histo- 
logic examination of the brain at five cross- 
sectional levels. 

Of 35 norma! swine, 6- to 360-days old, 
24 showed under, or near, the ependyma of 
the lateral ventricle both loose and compact 
cell aggregates which were found to be pri- 
marily composed of oligodendroglia and 
thus of ectodermal origin. These foci 
seemed to decrease in number and intensity 
with advancing age and to have no patho- 
logic significance. 

Of 31 uncomplicated hog-cholera speci- 
mens, the gray and white matter of the 
brain showed, in 28 instances, mesodermal 
reactions consisting of vascular and peri- 
vascular infiltrates, microgliosis, capillary 
hemorrhages, and leptomeningeal infil- 
trates, indicative of nonsuppurative en- 
cephalitis. 

Of 13 hog-cholera cases complicated by 
salmonellosis, pasteurellosis, etc., on the 
basis of bacteriologic findings, 12 showed 
similar encephalitic lesions. 

Of 23 cases presenting noninfectious dis- 
orders and 22 affected with various infec- 
tious diseases, only 4 cases showed isolated, 
barely recognizable, vascular infiltrates of 
no diagnostic importance. 

Recognized infectious entities, such as 
erysipelas, pasteurellosis, salmonellosis, and 
hemorrhagic dysentery, which must be con- 
sidered in the differential diagnosis of hog 
cholera, and successful hog-cholera vac- 
cination, failed to induce the characteristic 
neuropathologic lesions. 

Encephalitic changes have been described 
in Aujeszky’s disease, Teschen disease, 
rabies, and listeriosis, none of which have 
been recognized in Connecticut. These dis- 
eases are believed to have been ruled out in 
this study on the basis of anamnesis, bac- 
teriology, and animal inoculation tests. 
Thus, the encephalitic changes were inter- 
preted as indicating hog cholera, which 
diagnosis was supported by virus isolation 
in 1 subtypical case, and by field observa- 
tions on the effectiveness of simultaneous 
hog-cholera revaccination. 

Neuropathologic examination is consid- 
ered to be a valuable aid in the differential 
diagnosis of porcine diseases. 


References 


‘Biester, H. E.. and Schwarte, I H 
Infection tn Swine. J. A. V. M. A., 
142 


Listerella 
96, (1940) :339- 


'Rodian, D Poliomyelitis. Neuropathologic Ob 
servations in Relation to Motor Symptoms, J. Am. 
M. A., 184, (1947) :1148-1154 

‘Boynton, W. H., Wood, Gladys H., Wood, F. W., 
and Casselbery, N. H: Cell Changes tn the Gall 
Bladder as an Ald In the Diagnosis of Hog Cholera. 


4 
| 
i 
| 
; 
j 
i 


mung Deutsche tlerirzt! Wehnech: 


je der Virusschweine- 


Zur b ung bel 
Veterinaruntersu 


Therapeutics of the 


ivestock Sanitary 


CHOLERA iv 


Abbe, L., and Schmidt, Differential- Diagnose 
zwischen chronischer Sc elniepest und Ferkelgripi 
Deutsche tlerirztl Wehnschr., 16, (1934) :145-145 

‘Laumen, H Untersuchungen fiber die Lokalina 
tion les Entztindungsprozesses im Gehirn wt 
Schweinepest. Inaug-Diss. Greifswald 1931 

“Lewis, P. A., and Shope, KR. The im 
Hog Cholera. J. Exptl Med., 5@, (1929) :719 

=itittechwager: Zur histologischen Diagnose der 
Virusschweinepest. Arch. f. wWissensch prakt. Tier 
heilk.. 64, (1932) :236-244 
"Manninger, ! Untersuchungen fiber Schweine 
d Pare Deutsche tierirat! 
} 


Handbook of Microscopk al 
Univ. Preas. 2nd ed., (1932) 
®Pinkerton, H. E Salmonella Choleracsuts or 
Suipestifer Septicemia Fort Dodge Rio-Chemic 
Rev., 25, (1944) :3-5 


"Ranson, 8S. W The Anatomy of the Nervous 
System Ww Saunders Co Philadelphia, Pa., 
(1936) :56-57 

Ray, J. Pseudorabies (Aujeszky's Disease) 


in Suc kling Pigs in the United States. Vet. Med., 38, 


Viral and Rickettsial Infections of 
neott Co., Philadelphia, Pa. (1948) 


Histologische Untersuchungen bel 

Verinderungen im Zentralnervensy® 
Are f. wiseensch. prakt 

(1980) :439-462 

histologischen Diagnose der 

Deutsche. tlerirzt!, Webnachr., 


“RGhret Hi 
akuten Schweine 


«1939) 


733-7 

*Rohrer, H and ‘(jraf, A Bedeutung des 
sel bstindigen encephalitischen Symptomenkom 
as xes fiir die histologische Diagnose der chronischen 

Schweinepest. Deutsech« tierirzt!] Wehnechr., 4¢, 
11924) :637-643 

“Salivalagiio, I Histological Diagnosis of Swine 
Fever. Clin. Vet., (1937) :322-324 (Original not 
seen. Translated title Abstr. Vet Rex 50, 1938) 


yi, J Reitrag sur Pathohistologie der Aujesz 
ky«chen Krankheit. Arch. wissensech prakt. Tier 
heilk., 69, (1935) 0 


*Seghettt Obaervations Regarding Salmo 
nella Choleraesuts (var. jorf) Septicemia in 
Swine. J. A. V. M. A., 109, ©1946) :134 

mSeifried, O.: Hist oxical Studies on Cholera 


J. Exptl. Med $s, (1931) :22 
“Selfried, © Die Ausbreitung der “encephaliti 
achen Reaktion” bei Se hweinepest und deren Bezie 
hungen Zur Hundestaupe-Encephalitis Arch 
wissensch, prakt. Tierheilk., 64, (1932) 443 
“Selfried Lehre g Histopathologic 
Julius Scringer Berlin, Germany, (1934) 5139-140 
“Shahan, Knudson, R. L., Seibold, H. R 
ind Dale Cc N Auleezky’s Diseases ( Pseudo 
rabies). North Am. Vet ga, (1947) 511-521 
Udall, H The Practice of Veterinary Medi 
ime Published by author, Ithaca, N. ¥., (1963) 


Proc. 45th Ann. Meeting U.S. Livesteck Sanitar \ fee 
(1941) 744-47 
‘Mrunschwiler, K Ueber Meningitis acuta und 
erwandte Zustiinde beim Schwein. Ztschr. f. Infek FF 
tlonakr (1925) 277-294 
tiviernhofer. K Die ansteckende Schweineléh- 
$6, (1940) 
213-21 
*Eberdeck, E.: Zur Patholos 
pest. Arch, f. wissensch. prakt Tierhellk, 63, (1931) 
371-400 
Fekete Ueber bemerkenswerte unter lys- 
sadhniichen Symptomen verlaufende Fille von 
akuter Schweinepest, Ztschr. Infektionskr 32, 
41927) 263-68 
*Fortner Experimenteiie Untersuchungen Uber 
jie ansteckende SchweinelAhme LDeuteche tlerarzt 
Wehnschr., 3, (1941) :43-44 
*Freeman, W Neuropathology, W. Saunders 
and Co., Philadeiphia, Pa (1933) :43-45 
“tifford, Rebecca, and Jungherr, E. L.: Listerio- 
sis in Connecticut with Particular Reference to 4 ae 
Septicemic Case in a Wild Raccoon Cornell Vet re 
$7, (1947) :39-48 
Moraf, A Histologische Untersuchungen = 
Frage des encephalitischen Symptomenkomy lexes "Rivers, 
beim Schwein mit besonderer Hertichsichtigung der Man. J. B. 
hronischen Schweinepest Deutsct tieriratl 165-605 
Wehnsehr., 17 Rohrer, H x 
Schweinelihm hung- ten 
‘Hirt, G Histologische Verlinderungen des Zen : 
tralnervensystems bei der Aujeszkys hen Krankheilt 
Arch. f. wissensch, prakt. Tierheilk., 70, (19 6) 
$23-339. 
‘Huguenin, | Schweiz. Arch. f. Tierheilk., 69, 
(1923). Original not seen, See Seifried,” 
“Hurst, EB. W Studies on Pseudorabies. J. Expt 
Med., 58, (1933) :415-433 
sHutyra, F.. Marek. J.. and Manninger, Spe- 
ial Pathology and Diseases of 
Domest Animals. Alexander Eger, In Chicag ‘ 
5th English ed., (1946) :286-312 
Joest, | Spezielle pathologische Anatomie der = 
Haustiere Richard Schoetz, 2nd ed. 2 B., Berlin, : 
(Germanys (1937) 639-644 
“Johannsen, A Sektionsbilden vid svinpest i _ 
Sverige under epizootierna aren 1940 h 1945 
Skand. Vet.-tidskr., %, (1944) 467-494 
*Kaplan, M. ami Meranze Ir R Porcine 
Virus Encephalomyelitis and Its Possible Biological 
Relationship to Human Poliomyelitis Vet. 48, 
(1948) :330-340 
*Kernkamp, H. Cc. H Lesions of Hog Cholera é 
Their Frequency of Occurrence. J. A. V. M. A., 9, @ 
(1939) 2159-166 
“Kernkamp, H. C. H., and Femstermacher R 
Subtyy Proc, Ann. Meeting 
=K ite ison, R. H.: Studies of Hog 
Cholera and Preventive Treatment. Kansas State 
agric. Coll. Exper. Sta., Bull. 171, 1910 464-47 3 


Clinical and Pathologic Effects Produced 
Ingestion of Toxic Amounts of Chlordan and Toxaphene 


in Goats by the 


B. CHOUDHURY, G.B.V.C., M.S., aid V. B. ROBINSON, D.V.M., M.S. 


DurinG World War II, the importance of 
arthropod ectoparasites was greatly em- 
phasized. The fact that many of these were 
vectors of disease-producing agents caused 
the most concern. This factor demanded 
intensive research efforts from many 
sources. Research workers synthesized 
new compounds, reéxamined existing for- 
mulations, evaluated their efficiency as in- 
sect toxicants, and tested their relative 
safety to the host. Two of these compounds 
which showed particular promise as insect 
toxicants were chlordan and toxaphene 
chlorinated hydrocarbons). 

The object of this experiment is to ascer- 
tain the lesions produced by chlordan and 
toxaphene by administering lethal amounts 
of each of them orally. Such investigation 
seems particularly desirable at this time 
Little information is available on the path- 
ologic lesions produced in ruminants by 
these chemicals; and their use is increasing 
annually. These are available for use either 
as emulsions or as wettable powders.' '* 2° 

The damage done to livestock by older 
insect toxicants in the control of external 
parasites was considerable." The discov- 
ery and the discriminate use of these newer 
insect toxicants promise to lower these 
losses considerably; but in evaluating the 
usefulness of these new agents to the live- 
stock industry, their shortcomings as well 
as their advantages must be considered 


Review or LITERATURE 


Chlordan Chiordan® is toxic to a wide 
range of Acarina attacking human beings and 
domestic animals with relatively little harm 
to warm-blooded animals. Its application on 
soil protected poultry and other birds from 
lice for a period of four to five weeks 

Ingle’ experimented on the toxicity of chlor 
dan to white rats. It was slightly more harm- 
ful to female than male rats When admin- 
istered intragastrically in lethal doses, the 
rats died with the symptoms of inappetence, 
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loss of weight, hyperexcitability, rapid respira- 
tion, pronounced tremors, and convulsions at 
twenty- to thirty-minute intervals. A marked 
increase in respiration within five minutes 
of application (stomach or skin) was observed 

Grossly, there were hyperkeratosis, brown 
discoloration, and ulceration of skin following 
external application. Postmortem lesions were 
pallor and centrolobular necrosis in the liver, 
pitting and hemorrhage in the kidneys, and 
edema and hemorrhage in the lungs. 

A dose of 700 mg. of wettable powder of 
chlordan per kilogram given to dogs produced 
‘lonic spasms, tremors, and convulsions with- 
out a fatal termination. No symptom was 
observed in dogs dipped in 0.42 per cent chlor- 
dan solution. It was an efficient insecticide, 
with no apparent detrimental jaction on the 
host, when applied in proper concentration. 

Radeleff" sprayed sheep and’ goats with 1.5 
per cent wettable powder of chlordan every 
fourth day. He also sprayed cattle with 2.0 
per cent wettable powder of chlordan at an 
interval of a fortnight. These procedures 
produced clinical nervous manifestations and 
death. 

There was a sudden onset of symptoms. The 
animals were down and unable to rise. There 
were groaning, violent paddling of limbs, 
grinding of teeth, opisthotonos, cyanosis, and 
death. 

Autopsy findings were petechiae in the sub- 
epicardium and subserous ecchymosis in the 
small and large intestines. There were en- 
largement of the liver, erosion of gastric mu- 
cosa, splenic enlargement, excess of peritoneal 
effusion, and gastroenteritis. Occasionally, 
the lungs failed to collapse when the thorax 
was opened, 

The histopathologic examination in- 
‘omplete but revealed fatty changes in the 
liver, with central and midzonal lobular necro- 
sis in 1 sheep. In 1 goat, fat deposits were 
observed in the convoluted tubules of the kid- 
neys. In the brain of some goats; neuron in- 
volvement, congestion, and hemorrhage were 
noted, whereas, in others, the brain showed 
congestion only. It was observed that the 
symptoms were similar to those of sodium 
chloride, chloroform, santonin, cocklebur, and 
DDT poisoning. 

Welch™ reported that a daily dose of more 
than 0.77 Gm. of chlordan was apparently in- 
jurious after several days’ administration. 
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CHLORDAN AND TOXAPHENE 


Toraphene.—Investigations on the effect of 
toxaphene on mammals are reported to be in 
progress. Toxaphene seemed to be more det- 
rimental when applied to the skin of white rats 
dissolved in deodorized kerosene than in corn 

Dogs* suffered from convulsions at the dos- 
age of 20 mg. of toxaphene per kilogram of live 
weight. 

Bishop and Knipling’ express an urgent need 
for research, as the availability of data on 
these newer insect toxicants is limited 


MATERIALS AND METHODS 


The object of this experiment was to deter- 
mine the symptoms and gross and histopath- 
ologic lesions which a known iethal quantity of 
chlordan or toxaphene might produce in goats. 
No attempt was made to grade the toxicity of 
these compounds in any manner. The experi- 
mental procedure was as follows: 

1) Three goats were administered 
dan orally in gelatine capsules 

2) Three goats were given 
orally in gelatine capsules. 

3) Doses were calculated in milligrams per 
kilogram of live weight by weighing each 
goat at the beginning and every alternate day 
of treatment. 

4) Attempts were made to begin with doses 
large enough to be toxic but no so large as to 


chlor- 


toxaphene 


kill rapidly. 


Fig. !—Section of kid- 
ney showing acute glo- 
merulonephritis in goat 
3 poisoned with chlor- 
dan, « 830. 


The doses were gradually increased every 
second day until symptoms appeared and 
death occurred in the treated animals. The 
doses of both the compounds were calculated 
as shown in tables 1 and 2 

The dearth of data on toxaphene necessi- 
tated the udministration of as small an initial 
dose as 25 mg. per kilogram of the body weight 
to the first goat. It was hoped that the de- 
velopment of lesions would be gradual enough 
to favor maximum pathology 

5) Forty per cent of the active ingredient 
in the nontoxic diluent (attaclay) of both chlor- 
dan and toxaphene was used in the experi- 
ment. 

6) One healthy goat was sacrificed to ob- 
tain specimens of normal tissues for compara- 
tive study. 


OBSERVATIONS AND RESULTS OF EXPERIMENT 


The symptoms were observed closely and re 
corded individually. Similarly, they were au- 
topsied as early as possible for accurate macro 
and histopathologic examinations of 
lesions in various vital organs of the body. 
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Twenty-four hours after the first dose, the 
following symptoms were observed: dullness, 
partial loss of appetite, hyperesthesia to touch 
or loud noises, slightly dilated pupils, and oc- 
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casional groaning or bleating. After forty- 
eight hours, there were complete anorexia, 
slight loss of weight, hunched appearance, and 
tucked-up flanks. Widely dilated pupils were 
evident in goats 1 and 3. The animals mani- 
fested restlessness, staggering gait, muscular 
stiffness of the hind legs, circling (in goat 3), 
grinding of the teeth, frequent attempts at 
micturition, and increased nervous reflexes. 
Paroxysms of convulsions, lasting two to 
three minutes or more, usually resulted when 
attempts were made to secure them for dosing 
or examination. During convulsions, they 
fell to the ground on the side drawing the 
head towards the back and shaking the same. 
The legs were either rigid or there was pad- 
dling. Sometimes, there were champing of the 
jaws and discharge of frothy saliva. Respira- 
tion was shallow and rapid. Dyspnea was 
pronounced before death. The convulsions 
were more frequent as death supervened. The 
animals became weak, eventually lay down, 
and were disinclined to move. When urged to 
move, they usually went into convulsions. Ul- 
timately, they became cyanotic and died. (See 
table 1.) 

Macroscopic Appearance.—There was exten- 
sive pulmonary edema evidenced by a large 
quantity of frothy exudate which seemingly 
filled the alveoli, bronchioles, and bronchi and 
partially occluded the trachea. There were 
focal areas of pulmonary emphysema and the 
lungs failed to collapse on opening the thorax. 
The pulmonary vessels were engorged with 
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TABLE |—Results of Feeding Goats with Chiordan (40 Per Cent Wetteble Powder) 
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blood and the bronchial lymph nodes were 
edematous. The right’side of the heart was 
distended and there was an excess of pericar- 
dial fluid. 

The abomasum exhibited irregular areas of 
congestion. These were large, small, or 
splotchy and were more pronounced near the 
pyloric orifice. 

The small intestine was congested through- 
out. The presence of catarrhal and hemor- 
rhagic inflammation of the mucosae was evi- 
dent. The mucosa was coated with a tenacious 
exudate tinged with blood and eroded in places. 
The mesenteric lymph nodes were swollen. 

The liver was hyperemic, swollen, friable, 
and glossy. Ecchymosis of the gall bladder of 
goats 1 and 3 was noticed. 

The kidneys showed irregular hemorrhagic 
areas on the cut surface continuous with the 
cortex and medulla. 

The blood vessels of the meninges and brain 
were distended and there was an excess of 
cerebrospinal fluid. The brain and spinal cord 
were slightly softened where sliced. There 
was nothing indicative of cerebrospinal hemor- 
rhage. 

Histopathology.—Brain and Spinal Cord.— 
The blood vessels in the brain and spinal cord 
were engorged with blood. Perivascular edema, 
capillary thrombosis, and migration of a num- 
ber of round cells were noted throughout 
the brain. The nerve cells and fibers showed 


degenerative changes, in some cases to the 
There were small 


point of disintegration. 


Total 

quantity of 

40% prep 

Active Total aration of 

ingredient quantity the active 
Ferlal Day of Live in mez. per of active ingre- 
No. of experi Age of weight § ke. of body ingredient dient 

goat ment animal (ke.) weight (meg.) given Clinical results 
i l lyr 17.95 750.00 13,462.50 33,656.25 No effect 
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20.00 


750.00 


16,500.00 


16,500.00 


15,337.60 


15,000.00 


15.000.00 


62.50 33,656.25 Hunched up appearance, dull- 
ness, dilated pupil, occasional 
or bieating, siightly 
increased reflex inappetence, 


and rapid respiration, 


00 32, 2.90 Complete anorexia, loss of 
Weight stageering gait rmus- 
cular stiffness of hind quartera, 
restiessness, increased reflex, 

onvulsion, dyspnea, asphyxia, 
death at the 70th hour. 


No effect. 


Symptoms were similar to those 
of goat 1 


38,343.75 Symptoms were similar to those 
of goat |, Circling was noticed 
after 48 hours, died at the 68th 

hour 


37,500.00 Slight nervous irritability. 


Symptoms were similar to those 
of goats 1 and 3 but more 
severe. Died at the 28th hour. 


37,600 
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areas of softening and edema in the gray and 
white matter. The degeneration of neurons 
and ganglion cells was accompanied by neu- 
ronophagia by microglia type cells. 

Heart._-There was edema of the muscular 
septums and cloudy swelling of muscle cells 
with a tendency to fatty metamorphosis. Mod- 
erate focal and diffuse neutrophilic and round 
cell infiltration was observed throughout the 
myocardium. There were edema and neutro- 
philic infiltration in the subendocardial space. 

Lungs.—The lungs were edematous, con- 
gested, and hemorrhagic. Most of the alveoli, 
bronchioles, and bronchi were filled with exu- 
date, rich in protein, desquamated epithelium, 
round cells, and neutrophils. Some were either 
emphysematous or atelectatic. There was a 
marked neutrophilic and round cell infiltra- 
tion. The interalveolar septums were thickened 
and edematous except in areas of em- 
physema. A considerable amount of hemo- 
siderin was present. 

Lymph Nodes.--The mesenteric and bron- 
chial lymph nodes were congested and con- 
tained hemosiderin. Changes were more se- 
vere in the bronchial nodes. 

Spleen._-The changes were more or less 
similar to those found in the lymph nodes. The 
reticulo-endothelial cells were proliferated. 
Phagocytosis of cell débris, mild neutrophilia, 
and hemosiderosis were present, with numer- 
ous chromatin fragments. 

Adrenals.—-Infiltration of a few round cells, 
congestion, slight hemorrhage, edema, and 
cloudy swelling were noticed both in the cortex 
and medulla. 

Kidneys.—The acute glomerulonephritis and 
changes in the tubular epithelium were most 
outstanding. The glomeruli were distended 
with sloughed epithelial cells and coagulated 
protein. Occlusion of many uriniferous tu- 
bules, with cellular and granular casts, was 
evident. This resulted in the distention of 
many of the proximal tubules and Bowman's 
space. Both cortical and medullary portions 
were congested and round cells had invaded 
the interstitial tissue. The tubular epithelium 
had undergone cloudy swelling, fatty meta- 
morphosis, coagulation necrosis, and desqua- 
mation. The intertubular capillaries were dis- 
tended with blood which compressed the tubules 
on either side. At different points, the vessels 
gave way and the red blood corpuscles were 
lodged in the interstices or in the tubular 
lumen. The endothelial cells of the capillary 
tufts in the glomeruli were multiplied, swol- 
len, and completely filled Bowman’s space, 
in many instances. Some vacuoles were 
formed in the capillary tufts and protein 
accumulated in them. 

Abomasum.—-Congestion, edema, round cell 
infiltration, and mild excoriation of mucous 
membrane were observed. 


some 
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Intestine.—All layers of the small 
intestine were swollen, edematous, and in- 
filtrated with many reund cells, some neu- 
trophils, and plasma cells. Some capillaries 
of the muscularis mucosae were plugged with 
thrombi. The mucous membrane was swollen, 
excoriated, and hemorrhagic. The edema was 
mostly restricted to the submucous layer. The 
mucous surface was covered with a catarrhal 
exudate, containing desquamated epithelium, 
round cells, neutrophils, plasma cells, and mu- 
cin. The capillaries were engorged and the 
tips of the villi sloughed off. 


Small 


Fig. 2—Section of liver showing acute hepatitis in goat 
3 poisoned with chiordan. « 160. 


Acute hepatitis with infiltration of 
round cells, cloudy swelling, fatty metamor- 
phosis, and focal coagulation necrosis was 
present. Vacant spaces, around the central 
veins, caused by necrosis of the hepatic cells, 
were filled in with protein fragments of the 
degenerated cells. Some of the hepatic cells 
shrank, which resulted in the atrophy of the 
hepatic cord. The atrophy and degeneration 
of the hepatic cord caused the sinusoid to dis- 
tend and engorge with blood and cell débris. 
There was engorgement of the large blood 
vessels. The endothelial lining of all blood 


Liver. 


4 
; 
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vessels was swollen and increased 


inence. 


in prom- 
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At first, there was impaired appetite, later 
followed by total inanition. There were dila- 
tation of pupils, rapid and superficial respira- 
tion, groaning, bleating, grinding of teeth, 
restlessness, and stiffness in the hind quarters 
The flanks were tucked up and they moved 
with posterior limbs apart. There were exces- 
sive wriggling of the tail, frequent attempts 
to micturate, highly colored urine, and 
oliguria. Later, nervous irritability increased, 
startling was produced with the slightest 
provocation, and convulsions developed. Dur 
ing convulsive fits, the goat was on the ground, 
the head was turned backwards, and there was 
paddling of the limbs. Muscular tremors were 
consistently present. The lasted 
two to three minutes. These were followed by 
relaxation accompanied with marked depres- 
sion. There was a marked loss of weight due 
to anorexia, dehydration, and exhaustion 
Prior to death, there was labored respiration 
succeeded by dyspnea, cyanoris, and asphyxia 
Death supervened with or without convulsion 
table 2.) 


convulsions 


Macroscopic The lungs were 
edematous, hyperemic, heavy. and firm. The 
alveoli, bronchioles, bronchi, and trachea con- 


tained frothy serous fluid slightly tinged with 


App arance 
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blood. The mucous membrane was hyperemic. 

The heart was enlarged and the epicardium 
was petechiated along the course of the coro- 
nary vessels and about the trigona fibrosa. 


Pericardial fluid was present. 


The mucosa of the abomasum was congested, 
thickened, and slightly eroded near the pylorus 

The small intestine was congested and hem- 
orrhagic. The mucosa was spotted with ero- 
sions and covered with thick exudate, the con- 
tents faintly sanguineous. The lesions were 
more vivid from the posterior end of the 
jejunum to the ileum, less severe in the large 
intestine. The mesenteric lymph nodes were 
hyperemic and enlarged. 

The liver was enlarged, hyperemic, and 
glossy. The gall bladder contained ecchym- 
otic hemorrhages. Irregular large and small 
areas of congestion on the surface of the 
kidneys were continuous with the cortex and 
medulla on the cut surface. 

The vessels of the meninges, 
spinal cord were markedly injected and dis- 
tended with blood. There was some evidence 
of hemorrhage in the brain. 

In goat 5, the petechiae in the subepicardium 
were few in number; whereas, in goat 6, they 
were numerous 

Histopathology. 


brain, and 


Brain and Spinal Cord. 

Congestion, edema, infiltration of round cells, 
and a few neutrophils were found throughout 
hut were especially severe in the medulla. 


Fig. 3—Section of liver 
showing distended sinus- 
oid and cellular changes 
in goat 5 poisoned with 
toxaphene. «x 372. 
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There were spotted softening and degenera- 
tion of neurons in the brain and spinal cord. 
Obvious neuronophagia existed in all 3 cases. 
In goat 6, numerous petechial hemorrhages 
were present in the medulla 

Heart.—Congestion, edema, hemorrhage, 
round cell and neutrophilic infiltration, cloudy 
swelling, and fatty metamorphosis of the car- 
diac muscles were consistent findings. Cir- 
cumscribed hemorrhages in the subepicardium 
along the course of the coronary vessels were 
noted. There were rupture of the muscle cells, 
apparent escape of myohematin, and conse- 
quent p'gmentation. 

Lungs.—Congestion, edema, hemorrhage. 
hemosiderosis, and migration of round cells and 
neutrophils were observed. There were swell- 
ing of the alveolar wall, epithelial desquama 
tion, emphysema, and atelectasis Rupture of 
the alveolar wall, interstitial hemorrhage, and 
infiltration of round cells and neutrophils 
were observed. There was interlobular and 
alveolar edema. The alveoli were plugged 
with a homogenous exudate which stained 
pink. Some bronchioles were ruptured and 
others collapsed. They contained serous exu- 
date and desquamated epithelium. The pul- 
monary vessels were highly injected and many 
capillaries were plugged with thrombi 

Lymph Nodes.—The bronchial and mesen- 
teric lymph nodes were congested and swollen. 
Mononuclear phagocytes were found contain- 
ing hemosiderin. 

Spleen.—There were congestion, possible 
hemorrhage, swelling, and necrosis of many 
reticular cells (karyorrhexis). There were 
perivascular edema and hemosiderosis. The 
sinuses were engorged with lymphocytes, red 
blood cells, a few neutrophils, and protein 
fragments 

Adrenals._-There were congestion, cloudy 
swelling, scattered focal necrosis, and slight 
round cell and neutrophilic infiltration. The 
intercellular spaces were distended with debris 
and coagulated protein material. Both the 
medulla and cortex were affected. 

Kidneys.—There were marked cortical and 
medullary congestion, hemorrhage, hemosid 
erosis, and thrombosis of smaller vessels. The 
intertubular edema, capillary congestion, and 
round cell infiltration had resulted in the com 
pression of tubules and consequent distention 
of the proximal end of some tubules and Bow- 
man’s space. The tubular epithelium was un 
dergoing cloudy swelling, fatty metamorphosis, 
coagulation necrosis, and desquamation 

Most glomeruli were enlarged and packed 
with desquamated endothelium. There were 
epithelial desquamation in Bowman's capsule 
and formation of granular and cellular casts 
Numerous vacuoles were formed in the glo 
merular tufts. There were engorgement and 
distentions of the tufts but in some there was 
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partial hyalization. Some of the distended 
Bowman's capsules contained atrophied capil- 
lary tufts due to the pressure of regurgitated 
urine from the occluded tubules. In some in- 
stances, the capillary tufts were enlarged to 
the point of completely filling Bowman's space 
by proliferation of « ndothelium, infiltration of 
neutrophils, and edema. There were localized 
areas of coagulation necrosis under the renal 
capsule in the cortex due to anemic infarction 

Abomasum.—-The mucous membrane was 
covered with exudate containing desquamated 
epithelium, round cells, plasma cells, neu 
trophils, and mucin. There was an inc reased 
activity of the mucus-producing cells Focal 
necrosis and complete sloughing of the mucour 
lining was the most striking feature. There 
was extensive edema under the muscularis 
Moderate exudation of fluid and 
infiltration of round cells had occurred in the 
muscular layer 

Small Intestine...The intestinal mucosa was 


mucosae 


covered with catarrhal exudate containing 
round cells, plasma cells, neutrophils, desqua- 
mated epithelium, cell fragments, and mucin 
The tips of the villi were sloughed in places, 
and crypts were filled with inflammatory exu- 
date and mucin. Severe sloughing of the villi 


was present over wide areas The mucous 
membrane was hemorrhagic throughout. There 
was edema under the muscularis mucosae and 
in the muscular layers. The edema contained 


numerou reactive cell 

The micropathology of the cecum was sim 
ilar to that of the small intestine but, be 
yond that, it diminished abru 


Liver Congestion, hemosiderosis, cloudy 
swelling, fatty metamorphosis, and focal 
necrosis around the central veins were pro 
nounced The reticulo-endothelia! cells were 
swollen and increased in number There was 
a moderate it filtration of round cells and neu 
trophils The sinusoids were distended with 
shreds of coagulated protein, chromatin, and 
cell débris Some of the hepatic cells were 


shrunken, causing narrowing of the cord and 
concomitant enlargement of the adjacent 
sinusoids 


DISCUSSION 


This experiment demonstrated that both 
chlordan and toxaphene were capable of 
producing death in goats. The harmful 
effects of these chlorinated hydrocarbons 
were manifested clinically, macroscopically, 
and microscopically. 

Both chlordan and toxaphene seemed to 
behave alike in this experiment. The essen- 
tial difference in the two was the degree 
of severity of the lesions produced’ by an 
individual compound. Goats 1 and 3 with 
stood three consecutive doses of chlordan 
see table 1), while goat 4 died a few hours 
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after the administration of the second dose 
of the compound, although the doses were 
the same. A possible reason advanced for 
this variation was the difference in the 
acuteness of lesions produced in individual 
goats. 

The lesions produced by chlordan were 
gastroenteritis (without diarrhea) and 
severe pulmonary congestion and edema. 
There were cardiac enlargement, grossly, 
and endomyocarditis, microscopically. There 
were congestion and deyeneration of the 
meninges, brain, and spinal cord. Asphyxia, 
originating from extreme pulmonary con- 
gestion and edema, was believed to be the 
immediate cause of death. The goats ap- 
peared to be more readily affected by chlor- 
dan than the sheep,** as the latter could 
tolerate a daily dose of 770 mg. per kilo- 
gram for seven days, whereas a daily dose 
of 750 mg. per kilogram was appreciably 


injurious for goats within forty-eight hours 
and ended in death within seventy-two 
hours. 

The nature of the resulting lesions was 
similar in both instances, but it required 
a lesser quantity (see tables 1 and 2) of 
toxaphene than that of chlordan to produce 
more severe lesions. These were manifested 
by a tendency to hemorrhage from the 
gastrointestinal tract, kidneys, lungs, heart, 
and brain. 

The diseased condition of the intestinal 
epithelium resulted in abnormal permea- 
bility, edema, and hemorrhage. The edema 
might be attributed partially to disturbed 
renal function. The pulmonary congestion 
and the labored efforts for oxygenation of 
blood accounted for the dilatation of the 
right side of the heart. 

The lesions in the lungs were so marked 
that they practically overshadowed the 
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gross changes of all other organs. Death 
in every case was seemingly due to a rapid 
cut in respiratory capacity owing to the 


pronounced edema. The reduced pulmonary 
oxidation of blood, in turn, restricted tissue 
respiration. Thus, the dearth of oxygen 
seriously hampered the normal function of 
all the organs and death supervened. This 
probably accounted for the fatal termina- 
tion irrespective of convulsion. 

The diagnosis of chlordan or toxaphene 
poisoning must depend on the history, clin- 
ical symptoms, and macroscopic and histo- 
pathologic changes in Various organs, as 
they produced no specific lesion 


SUMMARY 


Chiordan and toxaphene may produce 
grave symptoms or even death in warm- 
blooded animals, like all other chemicals 


used as insect toxicants. The pathogenicity 
of chlordan and toxaphene includes the 
yastrointestinal tract, liver, kidneys, s8u- 
prarenals, heart, lungs, lymph nodes of the 
affected organs, brain, and spinal cord. The 
immediate cause of death seems to be re- 
tarded oxygenation of blood due to pul- 
monary edema, emphysema, and ate lectasis. 
The pulmonary lesions are probably coupled 
with gastroenteritis, hepatitis, nephrith 
change, carditis,. adrenal pathology, and 
changes in the brain and spinal cord. In 
other words, these chemicals affect most of 
the vital organs of the body but pulmonary 
lesions are the most severe. 

The severe renal pathology produced and 
the suppression of urine production were 
probably responsible for the further accu 
mulation of these compounds. Toxaphene 
produces lesions more rapidly than chlor- 
dan. Petechial hemorrhage in the epicar- 
dial surface of the heart were not observed 
in goats poisoned with chlordan but were 
a consistent finding in toxaphene poisoning 

Both chlordan and toxaphene seem to 
affect especially the capillary endothelium 
and nervous tissue. Congestion of the 
meninges, brain, and spinal cord is usually 
present. Focal miliary softening, necrosis 
of neurons, perivascular edema, infiltration 
of round cells, and neuronophagia are con- 
stant findings in the central nervous sys 
tem. The various lesions are manifested 
clinically by increased reflexes, convulsions 
muscular tremors, oliguria, anorexia, an- 
oxia, and death. 
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Observations on the Anthelmintic Value of Substituted 
Phenolic Compounds in Dogs 


H. M. MARTIN, Y.M.D., Ph.D. 
Philadelphia, Pennsylvania 


THE WRITER has undertaken the evalua- 
tion of a large variety of compounds as 
anthelmintics because it is evident from the 
information at hand that most of the 
present drugs have serious limitations. The 
results obtained to date with a series of 
substituted phenols form the subject of this 
report. 

The early remedies used for the removal 
of the macroparasites from man and do- 
mestic animals were chiefly derived from 
plants. Among these botanical products was 
the phenolic compound, thymol, first intro- 
duced by Bozzolo' in 1881, and subsequently 
used to a great extent for the removal of 
hookworms in man. Since this work, other 
contributions published have discussed the 
use of phenolic compounds as anthelmintics, 
but comparatively little information of a 
fundamental nature appeared before the 
investigations of Lamson and his co- 
workers,?4.4.5.° who studied the anthelmin- 
tic properties of a large variety of com- 
pounds. Enzie** recently studied a series 
of phenolic compounds, including several 
which were investigated by Lamson et al., 
in an attempt te determine the usefulness 
of such products for the control of worms 
in domestic animals. He reported that a 
number of these phenols appeared to be of 
value for this purpose. 


MATERIALS AND METHODS 


The chemicals investigated included mono-, 
di-, tri-, tetra-, and pentasubstituted phenols 
and were obtained for the most part from tne 
research laboratories of Koppers Company, 
ine. These phenols were administered to dogs 
in an unaltered state in hard gelatin capsules 
at various dose levels. No purgatives or other 
supplementary treatments were used in these 
experiments. 

The structural formulas, the physical state, 
and the melting or boiling points of the com- 
pounds used in these investigations are listed 
in table 1. All of these compounds are insoluble 
in water or only slightly so. 
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The dogs employed as test animals were of 
mixed breeds, varying in age from 2 months 
to 1 year. The experimental animals were 
placed in individual cages and all feces were 
collected for two or three days before admin- 
istration of the drug, in order to determine 
the extent to which helminths were being 
spontaneously eliminated and the approxi- 
mate level of infection. In every instance, the 
dogs were fasted for a period of eighteen to 
twenty-four hours before treatment. The re- 
sponse of the dogs to the drug at the time of 
administration and for the following three 
days was observed. During this interval, al! 
stools were again collected. After these obser- 
vations, the dogs were sacrificed and examined 
for pathologic changes. The entire contents 
of the digestive tract were washed through 
various-sized screens and all worms present 
were collected, identified, and counted. The 
feces collected after treatment were also 
screened and the worms which were isolated 
were combined with those obtained from the 
digestive tract to establish the number present 
at the time of treatment. The percentage of 
efficacy of the drug was determined on the basis 
of the total number of worms passed following 
treatment, as represented by the number of 
expelled worms plus the living parasites iso 
lated at necropsy. 


RESULTS 


For convenience in discussion of the 
biologic results observed, the phenolic 
materials investigated have been combined 
into four groups: (1) mono-, (2) di-, (3 
tri-, and (4) tetra- and pentasubstituted 
phenolic compounds. The results obtained 
with the six monosubstituted phenols are 
summarized in table 2. Dodecylphenol, 
N-acetyl-2-aminophenol, and N-benzvl-4- 
aminophenol were relatively ineffective. 
However, it will be noted in the table that 
three of the phenols showed evidence of 
anthelmintic action. These included 4-tert.- 
butylphenol, mixed sec. tert.-2-amyl- 
phenol, and indanylphenol. In most cases, 
the administration of these compounds 
caused no noticeable reaction in the host, 
and none of the test animals presented 
pathologic changes in the internal organs. 

The chemical 4-tert.-butylphenol, reported 
by Enzie’ to be effective for the removal of 
ascarids, varied in its efficacy in these 
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TABLE |—Substituted Phenolic Compounds Investigated 


FORMULA 


MONOSUBSTITUTED PHENOLS 


| 
| 


CH3 
\ 
4-Tert.-butyl- CHy=C= <> %-100°C 
phenol / 


CH3 


Mixed-2-amyl- 175=185°C 
phenol (75 mm.) 
(Secondary | 
and 
Tertiary) 


Indahylphenol | i 165-200°C 
(204 mm.) 
(Mostly 180-185 


Dodecylphenol Liquid BePe 120=179°C 
(1.5 mm. ) 


Neacetyl-2- MeP. 201-203°C 
aminophenol 
! 
CH3=C 


Nebenzyl-4= 
aminophenol 


+ BO IL NG fe 
| | 

Cy Hos | 
| | | 

| HH 
| Solid MP. B6n88°C 
H 7 
(59) | 
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TABLE | (continued)—Substituted Phenolic Compounds Investigated 


PHYSICAL STATE 
FORULA FON TEP. 


DISUPSTITUTED PEENOLS 


6-Tert .-tutyl- BePe 244°C 
mecresol ( MePe 20623°C 


2-Tert eebutyl- 
p-cresol 


P-Tert } H B.P. 260— 261°C 
o-cresol 


Thiocyano <-o- NCS Technical 
cresol 


4-Tert .-amyl-2- H i Liquid BePe 2530265°C 
chloropher.ol 


4-Tert .-butyl-2- | quid Technical 
chlorophenol 


2-Tert .-butyl-d- 
chlorophenol 


= 
BOILING OR 
| MELTING PO 
CH3 
Solid BePe 124°C 
(20 ) 
CH 
CH 
CH, | 
j 
CH 
CH. 
CH, 
CH3 
CH 
| 
| 
CHa 
j } 
| 
| 
| Liquid BeP. 140°C 
| : (20 mn.) 
| CHI=C=CH3 
CHa 
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TABLE | (continued})—Substitutod Phenolic Compounds Investigated 


ICAL STATE 


BOILING OP 


2-Tert .-butyl-4- 
bramophenol 


B.P. 137°C 
(10 mm.) 


Phenylethyl- 
phenol 


Semi-solid 


2-Methoxy-4- 
methylphenol 


2,4-Dimethyl- 
phenol 


Dianylpnenol 


Nitrothiocyano- 


phenol 


NAME FORM ROOM TBP ELT 

DISUBSTITUTED PHENO 

CH3=C=CH3 | 

' 

<_><_ > 150°C 

| 

| 

0 

a 

CH3 

| 

Liquid | BeP. 275=310°C 

| 

NOs 
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TABLE | (continued)—Substituted Phenolic Compounds Investigated 


PHYSICAL STATE BOILING OR 
FORMULA ROOM TEMP. MELTING POINT 


TRISUBSTITUTED PHENOLS 


CHy 


2,6-Ditert 
butyl-p-cresol 


4-Tert .-amyl-2,6+ BeP. 155=170°C 
dichlorophenol (15 mm.) 


chlorophenol 


3 5eD inethyl-<- 114-117°C 
chlorephenol 


4-Thiocyano-3- N Technical 
methyl- 
nitrophenol 


Solid Technical 7 
CH3-CeCH3 
CHa 
cl 
CH3 | 
CH3 
% 
CH3=C=CH3 
Ditert Solid B.P. 162°C 
butyl-4- (20 mm.) 
CH3=C=CH3 
CH, 
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experiments when tested at different dose 
levels on a number of dogs. When given 
0.2 Gm. per pound of body weight, this 
phenol removed 33 of 42 ascarids in 1 dog 
and all ascarids in 2 other dogs. When 
given 0.1 Gm. per pound of body weight, 
22 to 100 per cent of the ascarids were 
removed in 4 dogs. In general, these results 
are poorer than those reported by Lamson*® 
and Enzie’ but tend to confirm their find- 
ings. 

The mixed monoamylphenol used in these 
experiments was a technical product and 
contained, for the most part, 2-sec.-amyl- 
phenol plus a small amount of 2-tert.-amyl- 
phenol. It is a clear liquid and has a slightly 
irritating action when placed on the oral 
mucosa. Upon necropsy, no pathologic 
changes were noted in any of the test 
animals when given 0.1 cc. per pound of 
body weight. At this concentration, this 
compound removed all of the ascarids from 
4 dogs and all of the hookworms from 2 
dogs (table 2). Neither this phenol nor 
any of the others investigated were effec- 
tive in removing whipworms, possibly 
because of the location of this parasite in 
the lower digestive tract. Nevertheless, 
this amylphenol should be considered as 
promising and worthy of further study on 
dogs and other animals. 

Indanylphenol expelled 100 per cent of the 
ascarids from 2 dogs given 0.1 Gm. per 
pound of body weight but was ineffective 
against hookworms and whipworms. At 
0.05 Gm. per pound of body weight, this 
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phenol was relatively ineffective against 
ascarids. 
The remaining three monosubstituted 


phenols, as already indicated, seemed to 
have very little value as anthelmintics. A 
limited number of tapeworms were present 
in a few of the host animals. None of these 
was removed by these monosubstituted 
phenols. The amylphenol, however, has not 
as yet been administered to an animal in- 
fected with tapeworms. 

Seven of the 13 disubstituted phenols 
included in these studies were effective in 
removing helminths from dogs (table 3). 
The compound 6-tert.-butyl-m-cresol was 
found effective in the removal of ascarids 
ever a range of concentrations. When 
administered in a dose of 0.3 cc. per pound 
of body weight, the dogs vomited three 
hours after receiving the drug. Neverthe- 
less, 100 per cent of the ascarids were 
removed, but the hookworms present were 
apparently unaffected. Of the hookworms, 
84 per cent were removed by a dose of 0.1 
ce. per pound of body weight, but in this 
instance no vomiting occurred, There were 
no reactions by the dogs and no evidence of 
pathologic change was found at necropsy. 
This compound is under further investiga- 
tion at the present time, and it is planned 
to present the resuits of these studies in a 
later publication. 

The compound 2-tert.-butyl-p-cresol, dif- 
fering chemically from the previous com- 
pound only in the position of the substit- 
uent groups on the phenglic ring, was also 
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found to be effective against ascarids when 
administered in a dose of 0.1 to 0.2 Gm. 
per pound of body weight. In these tests, 
this material also eliminated the tapeworms 
present but appeared to be ineffective 
against hookworms. It would appear that 
2-tert.-butyl-p-cresol is toxic to dogs when 
given at the rate of 0.3 Gm. per pound of 
body weight; both animals died within 
seventeen hours. This result was rather 
surprising as no reactions were noticed at 
slightly lower concentrations and the chemi- 
cally similar metacresol caused no fatalities 
at a dose of 0.3 cc. per pound of body weight 
and gave no indications of injury to the 
dog. It may be shown, in further tests, that 
the drug may be less toxic than indicated 
by the fatalities noted above. 

The compound  2-tert.-butyl-4-bromo- 
phenol, given in doses from 0.05 to 0.3 ce. 
per pound of body weight, expelled 100 per 
cent (69) of the ascarids present in dogs. 
Its efficacy in removing hookworms appears 
to be variable since 4.7 to 100 per cent 
removal was obtained. The dog expelling 
the smallest percentage of hookworms, 2 of 
42 worms present, received 0.05 cc. per 
pound of body weight. In another instance, 
at the same dose, 72 per cent of 43 hook- 
worms were removed. However, of the 
total 244 hookworms ‘Ancylostoma cani- 
num) present in 7 dogs, 80 per cent were 
evacuated following the administration of 
this phenol. There was no evidence of any 
pathologic change in the test animals and 
no vomiting occurred after administration 
of the drug. This compound appears to be 
worthy of further study. 

The compound 4-tert.-butyl-2-chloro- 
phenol also appeared to have definite ascari- 
cidal value. However, 2 of the 6 dogs 
vomited following treatment. Enzie® also 
tested this compound on 2 dogs and found 
it to be effective against ascarids and hook- 
worms. At doses varying from 0.1 to 0.2 
ec. per pound of body weight of 2-tert.- 
butyl-4-chlorophenol, 50 per cent of the 12 
ascarids present in the test animals were 
removed. It was 100 per cent effective in 
the removal of tapeworms ( Dipylidium and 
Taenia) in one test. In 'a second experiment, 
however, only the segments were expelled, 
leaving 6 Taenia heads. Little or no action 
on hookworms was noted. The compounds 
4-tert.-amyl-2-chlorophenol and phenylethy!l- 
phenol removed 81 and 87.5 per cent, re- 
spectively, of the ascarids: present but 
neither appeared to have value as a treat- 
ment for hookworms. The remaining di- 
substituted phenolic compounds appear to 
have little value as anthelmintics, and, at 
the same time, have other disturbing prop- 
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erties which appear to cause vomiting and 
constipation. Nitrothiocyanophenol appears 
to be extremely poisonous to dogs since it 
killed both test animals within a few hours 

Among the trisubstituted phenols in- 
vestigated, only 3,5-dimethyl-4-chlorophenol 
appears to be worthy of further investiga- 
tion (table 4). This compound expelled 
97.5 per cent of 40 ascarids and 58 per cent 
of the 349 hoohworms present. It was 
found to be nonirritating to the mucous 
membrane of the mouth of the investigator 
and appeared to have only a slight phenolic 
taste. This seems to indicate that the mate- 
rial should be especially safe for adminis- 
tration to animals and thus particularly 
worthy of continued investigation. The four 
remaining trisubstituted phenols gave little 
evidence of value as anthelmintics. One 
tetra- and one pentasubstituted phenol were 
included in these studies and were found to 
be of little value (table 5). 


DISCUSSION 


When these investigations were first 
undertaken, it was hoped that some def- 
inite evidence of the relationship of chemical 
structure to anthelmintic action would be 
established. It was found that certain mono-, 
di-, and trisubstituted phenols were effec- 
tive im removing ascarids and af possible 
value in the removal of hookworms and 
tapeworms. Other closely related materials 
were ineffective against these same para- 
when administered under the same 
conditions. None of these were effective in 
removing whipworms, which may be due to 
the location of this parasite and to the low 
volatility of the compounds under investi- 
gation. While there was a tendency for 
some of these phenols to cause vomiting in 
dogs, on the whole, they appeared to be non- 
toxic with one or two notable exceptions. 
The relationship between position, nature, 
and molecular weight of the substituent 
group on the phenolic nucleus and anthel- 
mintic efficacy remains obscure. Undoubt- 
edly such relationships exist, but, to def- 
initely establish these effects, more extensive 
and elaborate tests must be undertaken. It 
is doubtful that such tests are now justified. 

Several of the compounds investigated 
appear to be worthy of further study. While 
we cannot explain, chemically or pharma- 
cologically, the cause of their relatively 
more valuable characteristics, certain of 
them might be found to be useful for the 
control of the common parasites in dogs 
and other animals. Further investigations 
are proceeding with these selected com- 
pounds, and it is the hope of the writer to 
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be able to report the results in the near References 
future. un’altra sostanza attiva contre 
sin (sservatore Torine 
CONCLUSIONS 
Pr. D.. Ward, B., and Brown, H. W 


1) Twenty-six substituted phenols were Tes Ascaricide-Hex ylresorcinol. Proc. Soc 
studied for anthelmintic properties through 

2) Ten of these phenol compounds were " 
shown to have value in removing ascarids, Lamson, P. D., Brown, H. W., and Ward, C. B 
hookworms, and tapeworms from the test 
animals, but none were effective against verap,, 58, (1935) :198-217. Sey 
whipworms. Lama irown, W., Stoughton, 

3) The mixed-2-amylphenol, 2-tert.-butyl- 7, 
and the technical grade of 6-tert.-butyl-m- 
cresol were found to have sufficient promise 
to warrant further study on dogs and other 
animals for the treatment and control of enols with | r on yl Side Cha rus 
ascarids, tapeworms, hookworms, and other and Exptl. Therag 958} i299 
parasites, 

4) No definite relationship between the 
chemical structure and anthelmintic action 
could be established in these investigations 
with this series of phenolic compounds. 
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The Influence of Atmospheric Gases on the 
Multiplication of Brucella 


EVELYN SANDERS, Ph.D., and |. FOREST HUDDLESON, D.V.M., Ph.D. 


East Lansing, Michigan 


IT HAS not been possible, until recently, to 
obtain quickly a large, live cell population 
of members of the genus Brucella in large 
volumes of liquid culture medium. This 
was accomplished to a limited degree in 
another laboratory by keeping fortified 
tryptose liquid medium aérated during the 
growth of Brucella suis. 

One of the troublesome problems which 
develops as a result of growing Bruceila in 
a liquid medium is the marked tendency of 
the bacterial cells to undergo dissociation 
during growth. It is most essential that 
changes in the growth phase of organisms 
be prevented in liquid culture mediums, if 
the cells are to be used as antigens or vac- 
cines, or if cell metabolism studies are to 
be undertaken 

The problem of producing large, live cell 
populations of the species of Brucella in 
any pure growth phase in a simple liquid 
culture medium has been solved through a 
study of the gaseous requirements and a 
method of making available the require- 
ments Dy agitation of the medium during 
the growth period. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Difco tryptose was selected as the peptone 
base for the liquid medium, since it has been 
employed in this laboratory for more than ten 
years for growing Brucella and since prac- 
ticality rather than definition was a prime 
requisite of the medium sought. 

In the preliminary 
medium contamed 
tuents: 

Tryptos« 
Glucose 10 
NaCl 0.5 Gm. 
Distilled water 100.0 ml 
The pH of the medium was adjusted to 6.7 
with phosphoric acid. The was dis- 
tributed in 15-ml. amounts 
8 in. by 1 in., plugged with absorbent cotton, 
and autoclaved at 115 C. for fifteen 

After inoculation with a standard inoculum 
(5.x 10° viable cells per milliliter), the medium 
was incubated at 37 C. for 
push-pull type of shaker, operating at a rate 
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medium 
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minutes 


seven days on a 
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of 75 strokes per minute The average maxi- 
Br. suis in the basal 
was I8 x 10° 


mum viable count of 
medium in the stated 
cells pel milliliter 
The addition of tl 
the basal medium to a fina) « 
per 100 ml 
the growth of all species 
5x 10° viable 
sistently obtained with Br. suis 
number of other vitamins 
and minerals which have reported as 
essential or stimulatory for of Bru- 
cella failed to increase the viable cell count 
to an appreciable degree. 
The basal medium just 
ing O.5mg. per 100ml. of 
chloride, when used it volumes, did not 
support growth comparable to that obtained 
in test tubes. Attempts to obtain larger num- 
bers of bacteria resulted in a study of the in- 
fluence of atmospheric gases on growth. 
Preliminary investigation indicated that 
the maximum growth of Brucella cells in the 
fortified tryptose liquid medium was obtained 
only when there was a continuous supply of 
oxygen in the space above the medium and con- 
stant vigorous agitation of the liquid. When 
the demand of the multiplying cells for oxy- 
gen Was met, it was found that the medium, 
which was more than adequate under former 
culture did not contain sufficient 
nutrients to produce maximum populations. 
Therefore, the concentrations of the consti- 
tuents in the medium were reconsidered 
A series of mediums was prepared which 
contained various concentrations of tryptose 
and glucose as well as thiamine and sodium 
chloride. Two hundred and fifty milliliters 
of each medium were placed in 1-liter bottles 
fitted with stoppers through which 
passed two tubing. One of 
these served as the delivery tube for the gas 
or gases under study and the other the gas 
outlet. The gas delivery tube extended into the 
culture container to a point about 2.5 cm. above 
the surface of the liquid. Glass floats were 
suspended in the liquid to intensify the move- 
ment of the liquid and the distribution of gases 
into the medium. The bottles of mediums were 
autoclaved at 115 C. for fifteen minutes and, 
after inoculation, were incubated at 37C. on a 
push-pull type of shaker. The rate of gas 
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flow was measured by a rotameter. Bottles 
containing like amounts of each medium and 
fitted with cotton plugs were inoculated and 
placed on the shaker as controls 

A single smooth strain of each species of 
Brucella all further studies. A 
suspension of 24-hour growth from liver agar 
slants was used for In of the 
experiments, the medium was seeded with 10° 
cells per milliliter During incubation, sam- 
ples were removed at 24-hour intervals. The 
viable cell was determined plating 
suitable dilutions of the try ptose 
The total cell count 


was used in 


noculum most 


count by 
cultures on 


agar. was measured tur- 
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by examination of four-day-old colonies under 
a low power stereoscopic microscope.” 

Effects of Atv and Oxygen As more opti- 
mum conditions for multiplication and metab- 
of the organisms were established, the 
concentrations of the constituents of the me 
dium were increased to the minimum amount 
which produced maximum response An ini- 
tial concentration of 20mg. of glucose per 
milliliter was needed to assure a slight excess 
of the carbohydrate in the medium after 
ninety-six incubation in an atmosphere 
There no additional in- 
when hydro- 


olism 


hours’ 


of pure oxygen was 


crease in cell counts thiamine 
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Fig. |\—Muitiplication of Brucella suis. Medium: tryptose; glucose, 2.0 per cent; NeC!, 0.5 per cent; 
thiamine-HClI, 0.5 mg. per 100 mi. of medium. Atmosphere: A, stagnant air; B, flowing air; C, flowing 
oxygen. 


bidimetrically in «a photelometer from a 
standard curve established by direct cell counts. 
Residual glucose was determined colorimetri- 
cally by a modified Benedict's procedure” and 
the pH was measured electrometrically. The 
growth phase of each culture was ascertained 


shaker with hydraulk 
floats in the 


by means of a variable angle 
transmission withou’ the aid of glass 


ilture bottle 


chloride was present in amounts greater than 
0.5 mg. per 100 ml. 

The effects of maintaining different atmos- 
pheric conditions on the multiplication of Br. 
suis in each of three mediums are illustrated 
by the growth curves in figure 1. The atmos- 
pheric conditions that were maintained dur- 
ing the incubation period of ninety-six hours 
were (A) stagnant air, the bottles being fitted 
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with cotton plugs, (B) a constant flow (85 ml. 
per minute) of filtered air, and (C) a constant 
flow (45 ml. per minute) of pure oxygen. The 
three mediums differed only in the concentra- 
tion of tryptose. The final cell populations of 
Br. suis and Brucella melitensia were larger 
in all mediums exposed to flowing oxygen 
than in those exposed to flowing or stagnant 
air. The acceleration of growth and metab- 
olism in pure oxygen was enhanced as the con- 
centration of tryptose was increased. Results 
were not significantly different when the rate 
of flow of oxygen was varied from 15 to 105 ml. 
per minute, 

The growth response of Brueella abortus, 
under the conditions just mentioned, appeared 
more dependent than the other two species on 
the concentration of tryptose. Only in the 
medium containing 3 per cent tryptose was 
the cell count of this species greater in the 
presence of pure oxygen than in the control 
culture. 

The comparative studies, therefore, show 
that large cell populations of each of the three 
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species of Brucella can be obtained in a short 
time in large volumes of culture medium in the 
presence of pure oxygen and without the ap- 
pearance of dissociated phases, if the constitu- 
ents of the medium are used in the following 
concentrations: 


Tryptose 3.0 Gm. 
Glucose — 2.0 Gm 
Thiamine. HCL . 0.5 mg. 


NaCl 0.5 Gm 
Distilled water 100.0 ml. 

The productive capacity of this medium is 
illustrated by the curves in figure 2. These 
show the total and viable cell counts of each 
of the three species of Brucella 

Effect of Nitrogen and Carbon Diovide. 
Consideration has been given to the effect on 
cell multiplication of other gases such as pure 
nitrogen and carbon dioxide and combinations 
of these with oxygen It was found that 
growth of all species in the medium described 
above was suppressed in an atmosphere of 
pure nitrogen or pure carbon dioxide. When 
the inoculated medium was exposed to a mix- 
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Fig. 2—Total and viable cell counts under optimum conditions. Cell counts: A. total: B, viable. Medium 
tryptose, 3.0 per cent; glucose, 2.0 per cent; NaCl, 0.5 per cent; thiamine-HC!, 0.5 mg. per 100 mi. of 


medium. Atmosphere: flowing oxygen (45 mi 
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ture of equal amounts of flowing nitrogen and 
oxygen, all species of Brucella grew at about 
the same rate and reached a maximum cell 
count comparable to that obtained in flowing 
air. 

In a study of the effect of mixtures of car- 
bon dioxide and oxygen, the individual re- 
sponse of each of the species suggests that 
their oxygen requirements are not equivalent. 
The flow of carbon dioxide was maintained 
constant to each culture while the flow of 
oxygen Was varied so that the ratios of oxygen 
to carbon dioxide were approximately 2: 1, 
9:1, and 18:1. The partial pressure of the 
oxygen in the atmosphere governed the amount 
which was dissolved in the medium and avail- 
able to the bacterial cells. The data in figure 
% show that the cell count of Br. suis was 
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directly related to the amount of oxygen avail- 
able and was higher in pure oxygen than in 
combinations of oxygen and carbon dioxide. 
The ratio of 18:1 was as satisfactory as 
pure oxygen for Br. melitensis. The multi- 
plication of Br. abortus in any of the mixtures 
of these gases was equal to that in pure 
oxygen. 
DISCUSSION 

Large populations of the species of Bru- 
cella have been obtained in liquid mediums 
only under conditions which make available 
to the cells large amounts of oxygen. A 
continuous stream of pure oxygen gas sup- 
plied to a vigorously shaken culture for the 
duration of the incubation period accel- 
erated the rate of multiplication. 

Winslow et al.'* were among the first to 
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show that aération resulted in a great in- 
crease in the population of facultative an- 
aérobes, The increase was attributed to re- 
moval of toxic products of growth and to 
enhanced oxygenation. Rahn and Richard- 
son'*'* investigated the oxygen demands 
of various species of organisms and found 
that the rates of multiplication in 1 per cent 
peptone were the same until the oxygen was 
almost completely exhausted but that the 
tolerance of aérobic organisms for an- 
aérobic conditions varied with different 
groups. When oxyyen in the medium was 
exhausted, the multiplication of most facul- 
tative anaérobes was constant only at the 
surface. The limiting factor for large popu- 
lations was the availability of oxygen. Le- 
vine'*® observed that the growth of spores 
and vegetative cells of Bacillus subtilis was 
not reduced by an atmosphere of 100 per 
cent oxygen. The minimum amount that 
would support normal growth was 20 per 
cent. Roby* noted a considerable increase 
in the multiplication of Brucella cells when 
the culture medium was aérated by agita- 
tion. Similar results from studies of Br. 
suis in which the culture medium was 
aérated have been 

It was found, in the present study, that a 
medium which was adequate for Brucella 
when maintained in normal atmospheric 
conditions did not contain a sufficient con- 
centration of nutrients to support maximum 
cell populations in an atmosphere of oxy- 
gen. Maximum cell counts of each of the 
species of Brucella were obtained when the 
medium contained 3 per cent tryptose, 2 
per cent glucose, 0.5 mg. per 100 ml. thia- 
mine hydrochloride, and 0.5 per cent so- 
dium chloride. Dissociated growth phases 
of Brucella were not observed in the liquid 
medium that was shaken constantly during 
the growth period 

Other gases and mixtures of gases were 
used to determine if the effect observed 
with pure oxygen was a specific reaction or 
if the results were due to the removal of 
toxic metabolic products from the medium. 
Pure nitrogen flowing into bottles of in- 
oculated culture medium suppressed the 
growth of all species. Neither a mixture 
of equal volumes of nitrogen and oxygen 
nor a continuous flow of air resulted in a 
total cell count that was higher than that 
which developed in bottles of medium stop- 
pered with cotton plugs 

Although an atmosphere of pure carbon 
dioxide inhibited growth, the rate of mul- 
tiplication of Brucella cells in a medium ex- 
posed to a mixture of oxygen and carbon 
dioxide in a ratio of 18:1 was equal to or 
approached the rate obtained when pure 
oxygen was used. Brucella abortus exhib- 
ited a much greater tolerance for high con- 
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centrations of carbon dioxide than Br. suis 
or Br In view of the require- 
ments of Br. abortus for carbon dioxide for 
primary isolation from pathologic mate- 
rial,*” this finding was not unexpected 

The data demonstrate that there is a de- 
mand for large amounts of oxygen by the 
species of Brucella. The atmosphere to 
which the culture medium is exposed must 
approach a concentration of 100 per cent 
oxygen, and the liquid must be constantly 
agitated in order to make available in the 
medium a sufficient amount of this gas. 

Cell counts of Br. abortus did not equal 
those of Ry under 
any of the conditions studied. It is possible 
that a more rapid multiplication of Br. 
abortus could be obtained by some addi- 
tional nutritional factor, a different at- 
mosphere, or both 


melitensiz 


melitensis or Br. suis 


SUMMARY 


Results from the study of the influence 
of atmospheric gases on the multiplication 
of the three species of Brucella in liquid 
culture mediums show conclusively that 
controlled atmospheres are equally as im- 
portant as the medium constituents. Rates 
of multiplication and cell counts are greatly 
increased when these organisms are grown 
in an atmosphere of pure oxygen. 

A practical liquid medium is described 
which, when exposed to pure oxygen and 
constantly agitated, produces large live cell 
populations of a pure growth phase of the 
srucella. 
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IN VIEW OF the demonstration that the ac- 
celerating effect of oxygen and agitation on 
multiplication of Brucella was accompanied 
by the decomposition of large amounts of 
glucose,’ it was considered of academic in- 
terest to study some phases of the metabolic 
activities of the organisms grown under the 
conditions which were optimum for the pro- 
duction of large bacterial populations. The 
amounts of glucose decomposed under dif- 
ferent conditions were determined and the 
pH changes in various mediums were ob- 
served. Experiments were designed to study 
the role of thiamine in carbohydrate utiliza- 
tion and the fate of glucose and peptone by 
the determination of certain products of 
aérobic oxidation. Pyruvice acid and lactic 
acid were substituted for glucose to deter- 
mine utilization of these substrates. 


EXPERIMENTAL PROCEDURES AND RESULTS 


The medium used in a majority of the ex- 
periments was: 


Tryptose 3.0 Gm. 
Glucose 2.0 Gm. 
Thiamine. HC] 0.5 meg. 
NaCl 0.5 Gm. 


Distilled water 100.0 ml. 


Variations in concentrations and substitutions 
in the above formula are noted in discussions 
of the specific experiments and in the figures. 
The culture container, inoculum, shaking ap- 
paratus, and flow of oxygen employed in the 
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experiments have been described previously.’ 
Samples were removed at 24-hour intervals for 
pH determination, and chem. 
The total cell count was meas- 
ured turbidimetrically in a photelometer from 
a standard established by direct cell 
counts and pH was measured electrometrically. 
Glucose was determined colorimetrically by a 
modified Benedict's procedure’ and = pyruvic 
acid by the method of Clift and Cook, as modi. 
fied by Elliott «ft a/. The procedure of Friede- 
mann and Graeser was followed for the meas- 
urements of lactic acid and the miethod of 
Friedemann*® was used for determining volatile 
acids. All data are representative of tests on 
at least two preparations of each medium 

Glucose Decomposition.-— Comparisons of 
the amounts of glucose decomposed by the 
three species of Brucella were made to deter- 
mine the influence of the concentration of 
tryptose in the medium and the effect of at 
mospheric conditions Total cell counts and 
residual glucose were measured while cultures 
were growing in mediums which contained an 
adequate amount of glucose and 1, 2, or 3 per 
cent tryptose, Cultures were examined in bot 
tles stoppered with cotton plugs and in bottles 
supplied with a constant flow of oxygen during 
a %-hour incubation period. Calculated values 
of the amounts of glucose decomposed per bil- 
lion cells are shown in table 1. 

It may be noted that Brucella decom. 
posed less glucose per unit number of cells 
than did the other two species. In both atmos 
pheric conditions employed, each of the three 
species gincose per billion cells as 
the concentration of tryptose was increased. 
With one exception, each of the species, in any 
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one of the mediums, decomposed more glucose 
in an atmosphere of oxygen than in stagnant 
air. Brucella abortus in 1 per cent tryptose 
medium decomposed more glucose in stagnant 
air than in an atmosphere of oxygen. The 
slow rate of multiplication of Br. abortus in 
this medium exposed to oxygen would indicate 
that the nutrients and environment were not 
favorable for metabolism. 

Changes in pH.—The pH changes which oc- 
eurred in mediums containing 1, 2, or 3 per 
cent tryptose without glucose and in similar 
mediums containing 1 or 2 per cent glucose 
during the growth of Br. abortus, Brucella 
melitensis, and Br. suis are shown in figures 
1, 2, and 3. The mediums were continually 
shaken and were exposed to stagnant air or to 
pure oxygen. 

The mediums without glucose rapidly be- 
came alkaline. In mediums containing glucose, 
the pH changes were, in general, character- 
istic of each of the species, but were influenced 
by the initial concentrations of both tryptose 
and glucose in the medium The higher the 


concentration of glucose, the lower were pH 
values during the growth of the organisms. 
By increasing the concentration of tryptose, 
the opposite effect was observed. A distinct 
rise in pH was correlated with the exhaustion 
of the supply of glucose in the medium. Me- 
diums inoculated with Br. suis remained near 
neutral or became alkaline during incubation, 
even though large amounts of glucose were 
decomposed. 

Thiamine.—Figures 4, 5, and 6 are graphic 
representations of results from a study of the 
effects of thiamine on multiplication, glucose 
decomposition, and pH changes. The presence 
of glucose, without added thiamine, resulted in 
a significant increase in rates of multiplication 
of Br. abortus and Br. melitensis, but not of 
Br, suis, even though this species decomposed 
a large amount of the carbohydrate. When 
both glucose and thiamine were available, 
there was a more rapid growth and an increase 
in the amount of glucose decomposed by Pr. 
ahortus and Br. melitensia. The total cell 
count of Br. suia was six times greater in the 
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medium containing thiamine than in the one 
without it, but the amount of glucose decom- 
posed was only slightly higher. 

Pyruvie Acid and Lactic Acid.—Numerous 
investigators who have studied bacterial 
metabolism have demonstrated that thiamine 
acts as a catalyst in the metabolism of pyruvic 
When Brucella organisms were 
grown in a medium without added thiamine, 
there was evidence of a slight accumulation 
of pyruvic acid, although the amounts meas- 
ured in cultures of Br. suis were within 
the range of experimental error of the 
determination. Although only small amounts 
of pyruvic acid were measured in a medium 
without thiamine, none could be detected in a 
medium containing it. 

Pyruvic acid was substituted for glucose in 
tryptose medium, and its decomposition was 
determined with and without added thiamine. 
Pyruvate was decomposed by each of the spe- 
cies; in ninety-six hours, 0.7 mg. per milliliter 
was decomposed by Br. abortus, 1.6 me. per 
milliliter by Br. melitensis, and 2.9 mg. per 
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milliliter by Br. suis. The addition of thia- 
mine did not significantly alter the rates of 
decomposition but showed a slight stimulatory 
effect on the multiplication of Br. melitensis. 
The cell counts ranged from 15 x 10° cells per 
milliliter for Br. abortus to 50x 10° cells per 
milliliter for Br. suis. The pH of the pyruvate 
medium increased to 8.2 to 8.5 during the 
growth period. 

The possibility of lactic acid as an inter- 
mediate product in glucose metabolism was 
considered, but this acid could not be detected 
in cultures of any of the three species exam- 
ined daily during six days of incubation. When 
lactic acid was substituted for glucose in tryp- 
tose medium, the quantity decomposed paral- 
leled the cell populations. The growth of Br. 
melitensis was retarded and there was no re- 
duction in its concentration. Growth of Br. 
abortus was slow until the third day, decom- 
position of lactate began simultaneously with 
rapid multiplication, and by the end of the 96- 
hour incubation period, 12 mg. of lactic 
acid per milliliter was decomposed. The cell 
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population of Br. suis approached that found 
in glucose medium, and 18 mg. of lactic acid 
per milliliter was decomposed in ninety-six 
hours. 

Volatile Acrds.—-The volatile 
acids as products of glucose metabolism, which 
could account for certain of the pH changes in 
the mediums, was investigated Numerous 
analyses of the medium in which each of the 
species of Brucella was growing did not indi- 
cate the presence of a volatile acid during four 
days of incubation in the presence of pure 
oxygen 

Carbon Dioxide and Ammonia,—Since it has 
been shown in this study that all strains of 
Brucella are capable of utilizing large amounts 
of glucose in optimum conditions, it was inter- 
esting to observe the interrelation of peptone 
and carbohydrate metabolism. Quantitative 
measurements of carbon dioxide and ammonia 
were employed as estimates of carbohydrate 
and peptone decomposition in a_ tryptose 
medium without glucose and in one containing 
2 per cent glucose. 


presence of 


Each of three species of Brucella was grown, 
as previously described, in the presence of 
flowing oxygen. The outlet tube from the cul- 
ture container directed the exhaust gases 
through 1 liter of 0.01 normal sulphuric acid 
and, from this solution, through 1 liter of 0.5 
normal potassium hydroxide. A 25-ml. aliquot 
was taken from the standard acid at intervals 
and titrated with sodium hydroxide. A 50-ml, 
aliquot of the potassium hydroxide was _ re- 
moved at the same time and, after precipita- 
tion with barium chloride, the excess potassium 
hydroxide was titrated with hydrochloric acid, 
with phenolphthalein as the indicator. 

The amount of ammonia in the medium in 
which the bacterial cells were growing was 
determined by titration with 0.01 normal sul- 
phuric acid following steam distillation of the 
sample into dilute boric acid. A sample of the 
culture medium was also aérated by a stream 
of alkali-washed air into 0.03 normal potas- 
sium hydroxide to measure dissolved carbon 
dioxide. 

Determinations were made on the first four 
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seventh day of 


and on the 
Quantities of ammonia and car- 


consecutive days 
incubation 
bon dioxide were computed as total amounts 
produced during each 24-hour period; the 
values for the seventh day were calculated as 
one third of that accumulated in the three pre- 
vious days. Corrections were made for am- 
monia and carbon dioxide in uninoculated me- 
diums. Comparisons of the rates of ammonia 
and carbon dioxide production by the three 
species of Brucella are illustrated in figure 7, 


and the total amounts collected during the 
seven-day incubation period are shown in 
table 2. 


In the absence of glucose, the rate of metab 
olism of each of the species was highest during 
the first forty-eight hours of incubation. The 
total amounts of ammonia and carbon dioxide 
produced from tryptose by Br. suis were ap- 
proximately two times greater than those pro- 
duced by Br. abortus or Br. melitensis 

In the medium containing glucose, the carbo 
hydrate breakdown by each of the species, as 
measured by the increase ir carbon dioxide 
evolved, was greatest during the second and 
third days of incubation. Less carbon dioxide 


was produced by Br. suis than by the other 
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two species. At the end of the seven-day 
growth period, only traces of glucose remained 
in the medium 

A “sparing action’ 
was pronounced during growth of B 
No ammonia was detected 


of glucose on peptones 
abortus 


and Br. melitensis. 


until the third day in cultures of Br. meli- 
tensia amd the fourth day in those of Br. 
abortus. In contrast, Br. suis attacked pep- 


tone during the first twenty-four hours; am- 
monia production reached a peak on the second 
day, and the total amount of ammonia evolved 
was significantly greater than that from either 
of the other two species. 


DISCUSSION 


Although glucose has often been added to 
various mediums to enhance the growth of 
Brucella, the results of previous studies of 
its utilization by the three species are con- 
tradictory. A classification within the genus 
based on glucose utilization was attempted 
at one time,'' but ZoBell and Meyer'’ noted 
that utilization was not appreciably differ- 
ent in strains. McNutt and Purwin'® re- 
ported that acid production from glucose 
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by Brucella depended on the quality of the 
base medium. 

The foregoing studies have demonstrated 
some of the factors which influence the 
growth and metabolic activities of Brucella 
organisms when the culture medium is agi- 
tated and exposed to pure oxygen during 
growth. One of the important effects pro- 
duced by oxygen was an increase in the ac- 
tivity of the oxidative enzyme system that 


TABLE |—Decomposition of Glucose by Brucelle® 


ose 


m posed 
me. / 10° cells 


Tryptone**® Stagnant Flowing 
air oxygen 
ella 1 0.24 
suis 2 6.14 
3 0.06 0.10 
Brucella 1 0.34 O28 
abortus 2 O20 6.20 
02 
Brucetla 1 30 034 
melitenata 2 ts 
3 “13 
* *Growth pertod ninety-six hours 
**Vediun tryptose, glucose 2 per ent 


05 per cent; thiamine HCl, 6 me per 160 mi. of 


was responsible for the decomposition of 
glucose by all three of the species. 

In an atmosphere of pure oxygen, thia- 
mine was not required for the initial attack 
on glucose, although it was needed for effi- 
cient utilization of the carbohydrate in pro- 
ducing large cell populations. Brucella suis 
when grown in a medium without added 
thiamine, decomposed a large amount of 
glucose; when thiamine was added to the 
medium, the amount of glucose decomposed 
was not increased but the cell population 
was six times greater. In the case of Br. 
abortus and Br. melitensis, the addition of 
thiamine to the medium resulted in in- 
creases in both the amounts of glucose de- 
composed and the vate of multiplication. 

The low minimums in the pH curves of 
Br. abortus and Br. melitensis suggested a 
transient accumulation of acids in cultures 
of these two species that was not shown by 
Br. suis. In order to account for the acidity 
in the medium and to examine for species 
differences in metabolism, studies were 
made of some of the possible intermediate 
products of glucose decomposition. 

When pyruvic acid was substituted for 
glucose in the medium, it was decomposed 
but not at the same rate by each of the 
species. Although traces of pyruvic acid 
were detected in the medium containing glu- 
cose with no added thiamine, none was 
measured when thiamine was present. With 
all species, pyruvic acid appears to be a 
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transitory product in the metabolism of 
glucose. 

Lactic acid, substituted for glucose ‘n 
the medium, was utilized by Br. abortus 
and Br. svis but not by Br. melitensis. The 
presence of lactic acid in cultures grown in 
a medium containing glucose was not dem- 
onstrated with any of the three species. If, 
in the process of metabolism, there was a 
dismutation of glucose or pyruvic acid to 
lactic acid, it would appear that further 
oxidation could proceed in cultures of Br. 
suis and Br. abortus. 

Analyses demonstrated no acetic acid or 
other volatile acids in cultures of any of 
the species, 

From early studies of metabolism of Bru- 
cella, McAlpine and Slanetz'! reported that 
large amounts of free ammonia were pro- 
duced by all strains in a liquid medium in 
the absence of glucose. On the other hand, 
in a medium containing glucose, strains of 
Brucella which utilized the carbohydrates 
produced only slight amounts of ammonia. 
They were unable to demonstrate the 
utilization of glucose by Br. abortus. 

Collection and measurement of carbon 
dioxide showed that large amounts are 
evolved during metabolism of glucose by all 
three species of Brucella under the condi- 
tions described, and indicate that carbon 
dioxide is the major end product of glucose 
metabolism. The studies of possible inter- 
mediates of metabolism show that the spe- 
cies differ primarily in the rate of glucose 
decomposition. 

A reciprocal sparing action of carbohy- 
drate and peptone was shown by analyses 


TABLE 2—Amounts of Ammonia and Cerbon Dionide 
Measured in Cultures of Brucella® 
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of residual glucose and concurrent measure- 
ments of carbon dioxide and ammonia dur- 
ing growth of the three species in mediums 
with and without glucose. As the concen- 
tration of tryptose was increased in the 
medium, there was less glucose decomposed 
per unit number of cells, and, conversely, 
when carbohydrate was present, there was 
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less ammonia evolved. The preferential 
breakdown of carbohydrate over peptone 
decomposition was emphasized in cultures 
of Br. abortus and Br. melitensis by the 
production of an initial increase in ac:dity 
in the medium during the first two or three 
days of incubation when carbohydrate de- 
composition was rapid and no ammonia was 
formed. As the utilization of carbohydrate 
became slower, peptone decomposition was 
initiated and the pH of the culture medium 
increased as ammonia accumulated. The 
medium in which Br. suis was multiplying 
remained neutral-to-slightly-alkaline as a 
result of continued peptone breakdown 
simultaneous with carbohydrate decomposi- 
tion. It is evident that the enzyme systems 
of Br. suis responsible for peptone metab- 
olism perform more efficiently under the 
conditions employed than do those of Br. 
abortus and Br. melitensis. No basic vari- 
ations in the metabolic processes of the 
three species were indicated; the chief dif- 
ferences were in the rates of the reactions. 


SUMMARY 


The metabolism of glucose by all species 
of Brucella, when grown as described, is a 
rapid oxidation of the carbohydrate. The 
major end product is carbon dioxide. 

More glucose was decomposed per unit 
number of cells by all species when pure 
oxygen was supplied than when the medium 
was exposed to stagnant air. Brucella suis 
decomposed less glucose per unit number of 
cells than did the other two species. 

Ammonia evolution was most rapid from 
cultures of Br. suis in all mediums. A 


sparing action of glucose for peptone was 
noted for all species but was much less pro- 
nounced for Br. suis. The pH changes that 
occur in 


mediums during the growth of 
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Brucella emphasize the unreliability of any 
method of determining carbohydrate utili- 
zation that depends on detection of acidity. 

The rates of reactions of the enzyme sys- 
tems of Brucella account for the differences 
of the three species in the decomposition 
and metabolism of peptone, glucose, pyru- 
vate, and lactate. 
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Brucellosis in Male Guinea Pigs 


EMMA L. HILLAERT, M.S., L. M. HUTCHINGS, D.V.M., Ph.D., 
and F. N. ANDREWS, Ph.D. 


Lafayette, Indiana 


THE STUDY reported here was made in an 
attempt to ascertain: (1) the frequency 
and intensity of elimination of Brucella suis 
in the semen of male guinea pigs exposed by 
three different routes; (2) the transmissi- 
bility of brucellosis from infected male 
guinea pigs to noninfected female guinea 
pigs; and (3) the survival of Br. suis in 
yuinea-pig semen. 


REVIEW OF LITERATURE 


There has been considerable difference of 
opinion during the past two decades in regard 
to the role of the male in the spread of brucel 
It Shas been reported that Brucella me 
litensis may be transmitted by the male goat. 


Brucella abortus organisms have 


losis 


been isolated 
regions of the genital tract of 
Boars found to be more 
infected and more apt to transmit 
bulls." Brucella organ- 
isms were recovered from the testes of 8 of 108 


from various 
the bull 
frequently 
brucellosis 


were 


than suis 


exposed animals and evidence was presented 
of the actual 
fected boar 
the genitalia of 11 of 19 boars which reacted 
to the agglutination test, Brucella 
transmitted by 1 naturally and 2 experimen 
tally infected boars pyrs car 
be readily infected when exposed by Br 
per oa, subcutaneously, per 


spread of brucellosis by 1 in 


Brucella was recovered® from 
Was 


Weanling boar 
rectum r intra 

from 


63 of ¥2 semen samples from 6 naturally in 


‘ 
venously ‘ Brucella svise Was recovered 


fected boars and the semen quality of Brucella 
infected boars appeared to be subnormal 


EXPERIMENTAL PROCEDURE 


different ised to ex 
pose a total of 51 male guinea pigs to By 
rhe animals were divided into five groups. The 
cultures of By 
grown for 
(Difeo) 
logic saline 
guinea pigs 
which had wire 


Three methods were 


sts 
used f 


exposure were 


forty eight hours n tryptose aga) 


slants and then suspended in physio 
solutior Af exposure, the 
kept ir individual 
hottoms and solid sides 


were cages 


Semen collections were made at weekly or 
biweekly intervals throughout the experiments. 
The semen was collected by means of the elec- 
trical stimulation method.” A needle electrode 
was pushed through the skin at the base of the 
skull, and a blunt electrode was placed in the 
guinea pig's mouth. The electrical stimulation 
did not last longer than ten seconds per stimu- 
collected in 
succession, an ejaculate usually being obtained 
at each application of the electrical stimulus 
ejaculates obtained in suc 
cession were considered a semen sample. One 
preliminary test obtained and 
cultured two to three days prior to exposure of 


lus. Two or three ejaculates were 


The two or three 


collection was 


the guinea pigs to Pr. suis 

The ejaculate was collected in sterile, shell 
vials. The samples were cultured by means of 
a sterile wire loop. Tryptose agar, adjusted 
to a pH of 6.7 to 6.9, was used as the culture 
medium in all The plates 
were incubated from forty-eight to ninety-six 


cases inoculated 
All cultures recorded as posi- 
reaction 
conformed to 
culture, the 
aminated but looked 
Brucella it 


at 37.5 ¢ 


tive gave a positive agglutination 
with known Brucella 
other tests for If, on 


emen 


serum and 


proved te he cor 


as though it might contair was 
njected into guinea pigs 
After infection 


vuinea pigs, the concentration of Br. suis in 


was established in the male 


the semen was determined by diluting 0.1 ec. 
log solution, and 
ec. amounts of different dilutions were placed 
m the surface ‘of agar, Petri plates 
n triplicate The number of 
ounted after 

Survival studies were made on 
ples held at 4 ©. for 


hbacterioiog 


f semen in physiologic saline 


tryptose 
colonies was 
seventy-two hours’ incubation 

semen sam- 
weekly 
made of the 


more Pr, suis organisms were 


Varying periods; 


examinations were 
samples until no 
recovered 
wo strains of B uis were used: in groups 
Michigan 
and 4, a strain 
occurring out- 


group 5 a 


and § obtained from 


gre; in groups 


irauy 


recovered from a nat 
break of swine brucellosis; and in 


mixture of the two strains 
In group 1, 
were exposed to 2 


6 male guinea pigs (No. 1 to 6) 
suis by subcutaneous in- 
ection of 1 ce. of physiologic saline suspension 
containing approximately 7,000 organisms per 


ubic centimeter 


9 male guinea pigs (No. 7 to 15) 


In group 2, 


j 
| 
| 
Abridgement of a thesis presented 1 se fa 
of the eraduate a } iversil 
part ment ft re rm a 
ree of aster of science 
Published a r aper N Purdue | 
versit An ‘ PNY ‘ t atfavett 
These studies were pported ar 
from the HBurea \r ul Ind vo tura 
R4) 


January, 1950 


were exposed by intraperitoneal injection of 
1 ce. of a physiologic saline suspension con- 
leven 


taining approximately 7,000 organisms 
weeks after exposure, the guinea pigs In 
groups 1 and 2 were sacrificed, blood samples 
were taken, and the following organs were 
examined bacteriologically for Br. suis heart, 
lungs. liver, spleen, kidneys, bladder, seminal 
Aggliutina 


vesicles, testes, and epididymides 
tion tests were run on a sample of serum from 
each guinea pig, using standard plate antigen 
from the U. S. Department of Agriculture, 
Bureau of Animal Industry, in dilutions of 
1:25, 1:50, 1; 100, 1 : 200, and 1 : 400 

Four weeks after exposure of the males in 
groups | and 2, 2 females were placed with each 
male and left with them for approximately 
seven weeks or until the males were destroyed 
The females were sacrificed for bacteriologi 
examination approximately four weeks afte: 
the males were removed. Liver, spleen, uterus, 
and cervical region of the vagina were exam- 
ined bacteriologically for Br. suia. Blood sam 
ples were collected and serum agglutination 
tests were conducted as described previously 
for the males. Observations were made for 
pregnancy 

Twenty-one male guinea pigs were used in 
groups 3 and 4, Group 3 consisted of 11 males 
(No. 16 to 26) fed commercial pellets sat- 
urated with a heavy suspension of Br. suis. 
They had not been fed the day before and were 
fed individually on the day of exposure. Group 
4 included 10 males (No. 27 to 56), each in- 
jected subcutaneously with 1 cc. of a physio- 
logic saline suspension containing approxi- 
mately 30,000 Br, suis organisms These males 
were killed and examined bacteriologically for 
Br. suis nine weeks after exposure Jacteri 


tecovery of B suis fron rewenital tra 
kK ldne 
Riadder 
Seminal versicies 
Testes 
Epididy mides 
l’rostate 
No. females placed with mates 
No. females infected 
No. females artificially inseminated 
No. females Infected 
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TABLE 1—Summary of the Results of Exposure of Male Guinea 
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ologic examination and serum agglutination 
tests were made as for groups | and 2. 

In groups 3 and 4, 2 females were placed with 
each male, 1 at two weeks and 1 at four weeks 
after exposure of the males The females were 
sacrificed and examined hacteriologically as in 
groups 1 and 2 

Fifteen males (No. 37 to 51) were used in 
group 5. They were all exposed by subcutane- 
ous injection with 1 cc. of a physiologic saline 
suspension containing approximately 15,000 
Rr. suis organisms. The males were destroyed 
and examined for Br. suis, as in groups | and 
» five weeks after exposure In addition to the 
organs cultured in the other groups, the pros 
tate glands were cultured in group 5. 

Six estrous females were placed with the in 
fected males of group 5 for one day Each 
female was then removed and kept in an in 
dividual cage until destroyed. Three other 
estrous females were artificially inseminated 
with semen naturally infected with Br. sus. 
Four females of undetermined estrual status 
were placed with 3 of the males and kept with 
them until the males were destroyed. All the 
females were destroyed three weeks after the 
males were brought to autopsy. 

Tissues for histologic study were taken from 
all five groups of males 


RESULTS 


Rrucella suis was readily recovered by 
direct culture from the semen of guinea 
pigs exposed te the organisms by the three 
routes, i.e., subcutaneous, intraperitoneal, 
and oral 

In group 1, exposed subcutaneously, By 
suis was recovered from the semen of 3 
of the 6 guinea pigs. Two males died prior 
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to the recovery of Br. suia from the semen 
and 1 failed to eliminate the organisms. 
Elimination of the organisms in the semen 
began on the twenty-ninth day after expo- 
sure in 2 and on the thirty-fifth day in 1 
guinea pig. The organisms were recovered 
from the semen repeatedly until the males 
were destroyed seventy-seven days after 
exposure and from 14 of a total of 44 semen 
samples in group 1. 

Postmortem examination of 2 males re- 
vealed the usual lesions of brucellosis. Bru- 
cella suia was isolated from both of these 
guinea pigs, and the agglutination test was 
positive in both cases, The remaining 4 
either died or were not examined post- 
mortem. 

None of the females placed with the 
males in group 1 became pregnant, de- 
veloped an agglutination titer, or showed 
any lesions; nor was Br. suis recovered 
from any of the tissues examined bacterio- 
logically 

In group 2, exposed intraperitoneally, 7 
of the 9 guinea pigs eliminated Br. suis 
in the semen. ‘Two died prior to the re- 
covery of the organism from the semen. 
Elimination of Br. suis in the semen began 
on the fourteenth day after exposure in 1 
male and not until the fiftieth day after 
The organisms were 
recovered repeatedly from the semen of 
all 7 guinea pigs until they were either re- 
moved from the study or were destroyed 
for bacteriologic examination seventy-seven 
days after exposure. Brucella sis was re- 
covered from 33 of 76 semen samples in 
group 2. 

Postmortem 


exposure in 1 male. 


bacteriologic examinations 
of 5 males in group 2 were positive, as 
were the agglutination tests of their 
serums, Two males died during the course 
of the study and were not cultured. Two 
were not brought to autopsy. 

None of the females placed with the 
males of group 2 became infected as evi- 
denced by negative bacteriologic findings 
for Br, suis and negative serum agglutina- 
tion responses at autopsy 

In group 3, exposed to Br. suis by means 
of the feed, only 4 of the 11 guinea pigs 
ejaculated infected semen. Elimination of 
Br. suis in the semen was recorded on the 
thirtieth day after exposure in these 4 
yuinea pigs and continued until the study 
was terminated seventy-three days after 
exposure, as Well as in 13 of the 75 semen 
samples collected 

On postmortem examination of 10 of the 
Il guinea pigs in group 3, B was 
recovered from the tissues of 4. A positive 
agglutination § titer demonstrated in 
only 1. One guinea pig died and was so 


Was 
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decomposed that no bacteriologic examina- 
tion was made. Five males in this group 
yielded neither Br. suis from their tissues 
nor positive agglutination responses from 
their blood. 

None of the females placed with the 
males of group 3 developed a serum agglu- 
tination titer, nor was Br. suis recovered 
from any of the tissues examined at 
autopsy. Three females placed with 3 males, 
after exposure of the males, became preg- 
nant, but Br. suis was not recovered from 
any of these three males. 

In group 4, exposed subcutaneously, Br. 
suis was recovered from the semen of 9 of 
the 10 males. Elimination of the organisms 
in the semen was observed in 4 males on 
the thirtieth day; in 2 on the thirty-eighth 
day; 2 on the fifty-first day; and 1 on the 
sixty-second day after exposure; and Br. 
suis was isolated from 18 of 68 semen 
samples. 

Three males in group 4 died during the 
study and were not examined bacteriologi- 
cally because of decomposition. All of the 
remaining 7 guinea pigs in this group 
yielded Br. suis from various tissues and 
showed high-titered serum agglutination 
reactions at autopsy. 

Of the females placed with the males of 
group 4, only 1 was pregnant. This female 
was placed with the male two weeks after 
his exposure. Elimination of Br. suis in 
the semen of this male occurred fifty-one 
days after exposure. The pregnancy was 
well advanced. All bacteriologic examina- 
tions for Br. suis on this female and the 
others in the group were negative. 

In group 5, exposed subcutaneously, Br. 
suis Was isolated from the semen of 7 of 
the 15 guinea pigs. Elimination of the 
organisms was first observed on the twenty- 
first day after exposure from 3, the 
thirtieth day from 3, and the fortieth day 
from 1, while Br. suis was recovered from 
15 of 49 semen samples. 

Eleven males died before the termination 
of the study, and Br. suis was recovered 
from 4 of these 11. The others were too 
decomposed for bacteriologic examination. 
Four males were destroyed fifty-three days 
after exposure and Br. suis was recovered 
from all 4 

Two estrous females were placed with 
1 male and 1 estrous female with each of 
i males in group 5. Mating was not ob 
served in any of the females nor was Br. 
recovered from these females. One 
female of unknown estrual status was 
placed with each of 2 males, and 2 females 
of unknown estrual status were placed with 
1 male of group 5. Brucella suis was not 
recovered from these 4 females. Three 
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females were artificially inseminated with 
Brucella-infected semen from 3 different 
males. The organism was not recovered 
from 2 females. The other female, insemi- 
nated with naturally infected semen, be- 
came infected as evidenced by positive 
serum agglutination and the recovery of 
Br. suis from the spleen, kidney, inguinal 
lymph glands, uterus, and cervix. 

The gross appearance of semen from in- 
fected guinea pigs was considerably dif- 
ferent than that of normal semen. Normal 
semen is milky in color and quite fluid; the 
semen from infected animals is frequently 
yellowish in color, curdled in appearance, or 
watery with white, flocculent particles. The 
secretion from the seminal vesicles of a 
normal guinea pig is rather translucent 
and white, and becomes firm a few minutes 
after ejaculation, while that of an infected 
guinea pig may fail to become firm, loses 
its translucency, and becomes yellowish in 
color. 

Microscopically, the semen from infected 
guinea pigs showed considerable variation 
regarding the condition of the spermatozoa. 
Some samples showed many active sperma- 
tozoa, others contained few, and in some 
cases no motile spermatozoa. In the latter 
case, a great number of leucocytes, pre- 
dominately polymorphonuclear, were pres- 
ent in the semen. 

The concentration of Br. suis was deter- 
mined for 19 samples of semen. The plate 
counts ranged from approximately 3,300 to 
6,120,000 organisms per 0.1 cc. Five of the 
19 had approximately 1 million or more 
organisms per 0.1 ce 

In two semen samples, Br. suis remained 
alive for forty-nine days when held at 4 C. 
This was the longest survival time recorded 
from any of the samples tested under these 
conditions 

The earliest. observed elimination of Br. 
suis in the semen in these experiments 
began fourteen days after exposure in 1 
male. One male eliminated Br. suis in 
eight consecutive semen samples beginning 
twenty-one days after exposure and con- 
tinuing until the animal was killed, seventy- 
seven days after exposure. 

Of the 51 males exposed, 36 were ex- 
amined bacteriologically and Br. suis was 
not recovered from 10 of these. Of the 
remaining, 4 disappeared and 11 died, prob- 
ably as a result of repeated electrical stim- 
ulation, and were too decomposed to cul- 
ture. Of the 26 animals from which Br. 
suis was recovered, 15 recoveries were made 
from the spleen, 12 from the liver, 14 from 
the kidneys, 19 from the urinary bladder, 
18 from the seminal vesicles, 20 from the 
epididymides, and 20 from the testes. The 
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prostates of & infected males were cul- 
tured, and seven were found to be infected 
with Br. suis. It was observed also that 
the growth of the organisms seemed 
greater on many of the plates seeded from 
the testes, bladder, and prostate than on 
plates seeded from the other organs. 

That the genital organs were heavily 
infected was also shown by the presence of 
as many as 6 million organisms in 0.1 cc, 
of sethen. 

Thé multiplication of Br. suis in the 
male reproductive tract is indicated by the 
increased number of organisms recovered 
from the semen at different times. In 1 
male, 3,300 organisms were recovered from 
0.1 ce. of semen collected fifty-six days 
after exposure; fourteen days later, ap- 
proximately 1,326,000 organisms per 0.1 
ce, of semen were recovered from the same 
animal. In 2 other males, the results were 
not so striking. In 1, fifty-six days after 
exposure, a semen sample contained approx- 
imately 1,650,000 organisms per 0.1 ec.; 
fourteen days later, 6,120,000 organisms 
per 0,1 cc. of semen were recovered from 
the same animal. Another male eliminated 
approximately 32,400 organisms per 0.1 cc 
of semen thirty days after exposure, and, 
twenty-one days later, a semen sample con- 
tained 50,000 organisms per 0.1 cc 

Histologic sections of the tissues of in- 
fected males in groups 1, 2, 3, and 4 showed 
granulomatous areas in the livers and lymph 
nodes. Necrotic areas and abscesses were 
prominent in the lymph nodes, liver, and 
spleen. There was round cell infiltration 
in these organs and in the urogenital 
organs. The lungs of 2 animals showed 
marked cellular infiltration around the 
bronchioles and blood vessels. Spermato- 
genesis had ceased in many of the testes 
and the interstitial cells were practically 
absent. There were many abscesses in the 
testes and epididymal regions. The seminal 
vesicles showed some round cell infiltra- 
tion, but it was not marked. The heart, 
adrenal, stomach, and intestine did not 
show any microscopic lesions. Histologic 
sections of the testes, epididymides, and 
prostates from group 5 showed marked 
purulent infiltration and edema. There was 
metaplasia of epithelium in the epididymal 
region. A summary of these findings is 
given in table 1. 


DISCUSSION 


From the results, it appears that Br. suis 
readily localizes in one part or all parts of 
the reproductive system of infected male 
guinea pigs. Elimination of the organisms 
in the semen may follow localization in the 


i 
f 
t 


HILLAERT 


testes, epididymides, semina] vesicles, or 
prostate 

When the reproductive tract became in- 
fected, the males seemed to lose sex desire 
and the semen quality decreased; some 
males apparently produced no live sperma- 
tozoa. Loss of sex desire might explain the 
lack of pregnancy and failure of transmis- 
sion of the infection to the females placed 
with the males. Only 1 female placed with 
infected males became pregnant. This was 
the female placed with a male two weeks 
after exposure of the male, and this mating 
probably occurred soon after the female 
was placed with the male because the preg- 
nancy was almost to term at the time the 
female was destroyed. Oryanisms were not 
recovered from the semen of this male until 
fifty-one days after exposure 

The general condition of many of the 
males was poor. They lost much weight; 
the hair was sparse. This poor condition 
does not ordinarily occur in guinea pigs 
infected with Brucella The combination 
of the electrical stimulation and the infec- 
tion may have brought about the observed 
poor general condition. The electrical stim- 
lation also may have caused lessening of 
sex desire and the numerous deaths which 
urred 

It may be surmised that, under the con- 
ditions in which the guinea pigs were kept, 
pen transmission of Br. suis does not 
readily occur, Considering the heavy in- 
fection in the bladder in some of the males, 
it is probable that they were eliminating 
large numbers of Br. suis organisms in the 
urine. None bf the females kept with the 
males became infected with Br. suis 

The only female to which the infection 
was transmitted was 1 artificially insemi- 
nated with infected semen. A generalized 
infection with a complete agglutination at 
1 : 400 dilution resulted 

Apparently, guinea-pig semen at refrig- 
erator temperature has little or no bacteri- 
idal activity against Br. svis. The organ- 
isms remained alive as long as forty-nine 
days in naturally infected semen stored in 
the refrigerator 

There was little difference in the results 
from intraperitoneal and 
routes of exposure. The feeding method 
was not as effective as the other two in 
establishing an infection 


subcutaneous 


SUMMARY 


Brucella suis was recovered from the 
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semen of 30 of 51 guinea pigs exposed to 
the organisms experimentally by the follow- 
ing routes: subcutaneous injection, intra- 
peritoneal injection, and feeding 

2) The concentration of Br. suis in the 
semen of infected males was high. One 
male eliminated approximately 6,000,000 
organisms in 0.1 cc. of semen. 

3) Guinea-pig semen had little or no bac- 
tericidal action against Br. suis at refrig- 
erator temperature. Organisms remained 
viable for as long as forty-nine days in 
naturally infected semen stored at 4 C. 

4) Infected males failed to transmit the 
infection to females placed with them for 
several weeks. However, 1 female became 
infected when artificially inseminated with 
naturally infected semen. A generalized in- 
fection resulted in this female. 

5) Histologic sections of tissues showed 
abscesses, round cell infiltration in lymph 
nodes, livers, spleens, testes, and epididy- 
mides, Spermatogenesis had ceased in many 
of the seminiferous tubules, and interstitial 
cells were scant. 
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Effect of Aureomycin on Leptospira Canicola and Leptospira 
Icterohaemorrhagiae in Vitro and Experimental 
Carrier Studies 


STREPTOMYCIN was used’ in the treatment 
of Leptospira carriers and the results indi- 
cated that this antibiotic effectively elimi- 
nated Leptospira canicola from the kidneys 
of experimentally infected hamsters and 
dogs. Again, the satisfactory method of 
creating experimental L. canicola carriers 
by treating young hamsters with penicillin 
shortly after infection was used. Instead 
of streptomycin, which had proved to be 
equally effective with hamsters and dogs, 
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aureomycin was tested. The experiment 
with L. canicola reported herein gave such 
uniformly good results that the efficiency 
of aureomycin against this organism seems 
established. Treatment of experimental 
Leptospira icterohaemorrhagiae infection 
with this drug was also successful.? Al- 
though its therapeutic value is probably of 
the same order as that of streptomycin in 
these infections, it offers the advantage of 
oral administration. 
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TABLE |—Effect of Aureomycin in Vitro 
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METHODS 

In Vitro Studies with Leptospira Canicola 
and Leptospira Ieterohaemorrhagiae—A pre- 
liminary in vitre test proved the strongly in- 
hibitory effect of aureomycin on L. canicola and 
L. icterohaemorrhagiae. Decreasing concen- 
trations of the antibiotic were tested. For 
each concentration, 2 tubes containing 2 cc. of 
Schiffner’s medium (Verwoort’s modification) 
were inoculated with 20,000,000 organisms per 


Movement*® and growth®*® after 
Hours Daye 
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cubic centimeter of medium and incubated at 
30 C 

Virulent seven-day cultures of L. canicola 
strain 1126 (passed on young hamsters) and 
virulent thirteen-day cultures of L. ictero- 
haemorrhagiae strain 917 (passed on young 
guinea pigs) were used as inoculums. 

Concentrations of 0.1 ug. per cubic centi- 
meter of aureomycin gave complete inhibition; 
1.0 ug. per cubic centimeter was bactericidal 
after fifty to sixty-four hours’ incubation 
(table 1). If the organisms lost motility and 
subcultures were negative, the drug was con- 
sidered bactericidal. 
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In Vivo Studies on Leptospira Canicola Car- 
riers (Hamaters).—-Experiments with ham- 
sters were begun by inoculating 33 hamsters, 
5 weeks old, intraperitoneally, with 0.25 ce. of 
a virulent L. canicola culture. Penicillin treat- 
ment after sixty and seventy-two hours (500 
units intramuscularly in oi] and wax) proved 
to be too late to save the anfmals; 1 hamster 
died even before the second penicillin injection; 
15 died after six days; and 13 died between the 
sixth and the twelfth days. The sixty-hour 
interval between infection and treatment had 
been chosen on the basis of a previous experi- 
ment. Thereafter, constant passing of this 
strain had decreased the interval between in- 
fection and death from five to four days; hence 
earlier treatment was necessary for this work. 

Fifty hamsters of the same age were then 
inoculated intraperitoneally with 0.1 cc. of a 
virulent culture of L. canicola (about 120,000 
organisms/ce.) and were treated with penicil- 
lin (500 units in oil and wax) after forty- 
three and fifty-seven hours. Five hamsters died 
of leptospirosis from the eighth to the twelfth 
days after infection. 

Of the remaining 45 hamsters, 10 were 
killed after 30 days; kidney material was 
examined in the dark field and cultured. All 
cultures were positive, and in every case the 
organisms could readily be demonstrated in 
the fresh material. 

Aureomycin® treatment of 25 hamsters was 
begun the same day; 1 mg. in saline was given 
intraperitoneally every eight hours for three 
days to 15 hamsters and for five days to 10 
hamsters. Ten were left untreated as further 
controls. Forty-eight hours after the last 
treatment, all the 35 remaining hamsters were 
killed and kidney material was examined and 
cultured. Results of examination of the 10 
control hamsters were again all positive, while 
the cultures of the 25 treated animals remained 
sterile. 

Because the experimental work with ham- 
sters reflected the value of aureomycin, it was 
used to treat a few dogs. Practical considera- 
tions made treatment of a large series impos- 
sible. Four young dogs, each weighing ° or 4 
kg.. were experimentally infected with L. 
icterohaemorrhagiae. Seventeen days later, all 
4 were shedding living leptospiras in the urine 
At that time, 2 dogs were given 20 mg. of 


“he antibiotic was supplied through the courtesy 
f lor. Herald A. Cox, Laerte Laboratories, Pearl 
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aureomycin orally every twelve hours for three 
days; the other 2 were not treated at this time, 
but were observed. Two days after the last 
treatment, the urine of all 4 dogs was exam- 
ined, and while the 2 untreated dogs were still 
shedding the organisms, the urine of only 1 
of the treated dogs still contained a few living 
leptospiras. The same result was found three 
days later. The 2 infected dogs that had not 
received the drug were then each treated with 
150 mg. orally every tweive hours for three 
days. On the fifth day, leptospiras could not 
be found in the urine of these dogs. One month 
after treatment with the smaller dose was be- 
gun, urine from all 4 dogs was examined; the 
same dog that was receiving the smaller dose 
of aureomycin, now heing considered inade- 
quate, was still shedding leptospiras. This 
small series speaks for the use of adequately 
large doses to prevent development of the 
carrier stage. 


SUMMARY AND CONCLUSIONS 


The influence of aureomycin on Lepto- 
spira canicola and Leptospira icterohaemor- 
rhagiae was tested in vitro. One-tenth 
microgram per cubic centimeter of medium 
inhibited growth of both types completely, 
while 1.0 ug. per cubic centimeter was bac- 
tericidal after fifty to sixty-four hours. 

The therapeutic effect of aureomycin on 
experimental Leptospira carriers (young 
hamsters and dogs) was tested. Of 50 
young hamsters, 45 survived infection with 
L. canicola after treatment with penicillin. 
Of these, 20 chosen at random and killed 
after thirty and thirty-seven days proved 
to be renal carriers; while at the same 
time, 15 treated for three days and 10 
treated for five days with aureomycin (1 
mg. every eight hours, intraperitoneally 
in saline) proved to have sterile kidneys 
two days after the last treatment. Treat- 
ment of 4 young dogs shedding leptospiras, 
2 with about 5 mg. and 2 with 40 mg. per 
kilogram body weight given orally, proved 
the therapeutic value of aureomycin in the 
larger dose. 
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THIS Is the introductory report on an ex- 
tended investigation of pathologic and phy- 
siologic variations of animal plasma by 
measurement of its light absorption charac- 
teristics. The general purposes of the 
investigation are: (1) to determine the 
light-absorption characteristics of normal 
plasma of the principal domestic animals; 
(2) to study variations in the absorption 
characteristics of normal plasma due to 
physiologic variations; (3) to study varia- 
tions of absorption characteristics of plas- 
ma under pathologic conditions with a 
view of applying these data to clinical 
diagnostic procedures, and (4) to study 
variations of absorption characteristics of 
plasma as a result of the use of various 
therapeutic agents. 

This report is concerned with the absorp- 
tion characteristics in the spectral region 
305-to 625-my wave length of plasma from 
various, clinically healthy, domestic ani- 
mals. (The visible spectral region is approx- 
imately 400-to 700-myu wave length.) It is 
not intended that the curves published in 
this report represent the standard absorp- 
tion curves for the species. The absorption 
curves apply only to the individual animals 
used. The curves are presented to show: 
(1) the variations that might occur in an 
individual animal over a limited period of 
time, and (2) a comparison between absorp- 
tion curves of plasma from individual] ani- 
mals of different species. 

It is common observation that plasma of 
different domestic animals range from intense 
yellow in the cow and horse to nearly colorless 
in the cat and dog. It has been long recognized 
that blood affords a sensitive index to the met- 
abolic processes within the animal body. Gross 
changes in the physical or chemica) character- 
istics of the blood brought about by pathologic 
conditions have been extensively used in clini- 
cal diagnostic procedures.** The clinical ap- 
plication of this principle is limited by insuf- 
ficient knowledge of both physiologic and 
pathologic composition of the blood and meth- 
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components of blood primarily responsible for 
the color of plasma’ are bilirubin, hemoglobin, 
and carotene. The difference in color of the 
plasma of the various animals is due to varia- 
tions in concentration of these three compo- 
nents, 

The study of the absorption characteristics 
of the various components of blood is not new. 


Beginning with the classic work of Hoppe- 
Seyler’ in 1868, numerous investigators have 
applied this physical measurement to the 


The absorption spec- 
related de- 


study of human blood. 
trums for hemoglobin and closely 
rivatives have been thoroughly investigated 
by Drabkin and Austin,” Davis and Sheard,’ 
and many others.."""” Bilirubin, a decom- 
position product of hemoglobin, has been 
studied from the aspect of absorption spec- 
trums almost as thoroughly as that of hemo- 
globin The bleod proteins do not 
contribute to the visual color of blood plasma; 
these proteins do distinct 
absorption characteristics in the ultraviolet 
(220- to 300-mea wave length) as shown by 
Smith ef al.’ By far, the greater number 
of the above investigations have been made on 
human blood; however, a few investigators 
have utilized blood from domestic animals and 
shown a comparison between human and animal 
blood.” It is well to note that very little in 
formation has been published on spectrums of 
blood from the principal animals 
from a comparative standpoint or with the 
view of its application to veterinary medicine 


however, possess 


domestic 


MATERIALS AND METHODS 


The animals selected for this investigation 
were clinically healthy. A_ brief description 
of each animal and the technique of sample 
collection follow } 

Cow.—Jersey cow, 6 years old, nonpregnant, 
and lactating. This cow calved one month 
prior to being used for this experiment. Sam- 
ples were obtained from the jugular vein. 

Horse. gelding, 11 years old, 
weighing Samples were obtained 
from the jugular vein. 

Chicken.— White Leghorn, 5 to 7 weeks old 
‘samples 1, 2, 3). Rhode Island Red, 8 weeks 
old (sample 4). The chickens were bled from 
the heart. Samples 1, 2, and 3 were from in 
dividual chickens from the same flock. 
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Sheep.—Mature Rambouillet ewe. Samples female (sample 4). Samples were obtained 
were obtained from the jugular vein. from the jugular vein. 
Dog.—-Male Springer Spaniel, 5 years old Cat.—-Mature male cat. Samples were ob- 
(samples 1, 2, %). Four-year-old Collie-type tained by bleeding directly from the heart. 
Pig.-Chester White gilt, & months old 
Samples were obtained from the anterior vena 
g | ceva according to the method of Carle and 
Dewhirst.” 
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Fig. !—Spectral transmittance curves for the color 
components of blood plasma 
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. 3—Spectral transmittance curves for horse plasma Fig. 4—Spectral transmittance curves for chicken 
plasma 
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Fig. S—Spectral transmittance curves for sheep plasma Fig. 6—Spectral transmittance curves for dog plasma. 
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January, 1950 


The animals were sampled approximately 
two hours after the morning feedings, at week- 
ly intervals over a period of four weeks. All 
samples were collected, using aseptic tech- 
nique, by drawing the blood into a 20-cc. glass 
syringe containing two to three drops of 
heparin*. This amount of heparin was suffi- 
cient to moisten the barrel of the syringe and 
to prevent clotting of the blood. The plasma 
was obtained by centrifugation of the heparin- 
ized blood immediately after collection. The 
method of plasma preparation is a modifica- 
tion of the procedure outlined by Knacke.” 

The spectral transmittance curve of the 
plasma was determined within a few hours 
after its preparation. A Beckman model DU 
quartz spectrophotometer was used to meas- 
ure the absorption characteristics. The samples 
of plasma were analyzed in quartz cuvettes 
1.000+ .002 cm. in thickness. The blank used 
for comparison was distilled water unless 
otherwise indicated. The spectral transmit- 
tance readings were taken at 5-mu intervals 
from 305 to 625 ma. Preliminary measurements 
showed that the undiluted plasma samples 
gave complete light absorption in the ultra- 
violet region from 220 to 330 ma. In the region 
from 625 to 2,000 mu, the spectral transmittance 
was relatively constant at or near 90 per cent 
and thus would have very little significance in 
the analysis of the absorption characteristics. 
The spectral transmittance curve of a heparin 
solution of a concentration approximating that 
in the plasma samples indicated no absorption 
in the significant regions of plasma absorption. 
The absorption data were plotted as spectral 
transmittance (per cent transmittance versus 
wave length). 


DISCUSSION 


The absorption curves for hemoglobin, caro- 
tene, and bilirubin are illustrated in curves 1, 
2, and 3, respectively (fig. 1). The hemoglobin 
was prepared by diluting whole blood 1 : 1,000 
with 0.1 per cent Na.CO,, using a 1 : 1,500 
dilution of plasma from the same whole blood 
as reference blank. This reference blank was 
used so that the absorption curve would repre- 
sent the absorption due to hemoglobin alone. 
The hemoglobin curve shows the 8 and « ab- 
sorption bands at 542 mz and 578 mu, respec- 
tively, a strong absorption maximum at 415 ma, 
and a weaker absorption maximum at 345 ms. 
Curve 2 shows the absorption characteristics of 
B-carotene in hexane with absorption maxi- 
mums at approximately 485 mua and 450 mz. 
Data for this curve were recalculated from a 
curve published in an article by L. Zechmeis- 
ter.” Curve 3 is the absorption curve for bili- 
rubin taken from data published by Cutten.” 
The curve was obtained from a solution pre- 


*Heparin (Upjohn), 1,000 units (10 mg.) per 
cubie centimeter 
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pared by dissolving 1.6 mg. of bilirubin in 100 
ee. of dog serum. Examination of the curve 
indicates absorption maximums at approxi- 
mately 420 me and 465 ma. 

The absorption curves for the various ani- 
mals are shown in figures 2 to 8, inclusive. 
Cow plasma (fig. 2) shows absorption maxi- 
mums at 420, 465, 490, and 578 ma, By refer- 
ence to figure 1, it can be seen that the plasma 
contains a very small amount of hemoglobin 
(420 and 578 ma), bilirubin (420 and 465 ma), 
and a small amount of carotene (490 m«). Vis- 
ual observation of the blood plasma did not 
indicate any hemolysis. 

The horse plasma (fig. 3) has a visual color 
very similar to that for the cow; however, 
examination of the absorption spectrums shows 
absorption maximums at 420), 465, and 578 ma, 
but none at 490 ma. Again, reference to figure 
1 would indicate a very small amount of hemo- 
globin, a relatively large amount of bilirubin, 
and little, if any, carotene. As in the cow, no 
hemolysis was observed visually. 

The absorption characteristics of chicken 
plasma (fig. 4) show absorption maximums at 
420, 460, 490, 542, and 578 ms#, which indicate a 
moderate amount of hemoglobin, bilirubin, and 
carotene. It is interesting to note the similar- 
ity between chicken (curve 4) and cow plasma. 
Hemolysis in the chicken plasma is more pro- 
nounced than that for the horse and cow as 
indicated by the appearance of an absorption 
maximum at 542 m»# and an intensification of 
the absorption maximum at 578 mag. 

Figure 5 shows the absorption characteris- 
tics for the sheep plasma. The absorption 
maximums at 420, 542, and 578 ms can be at- 
tributed to hemoglobin alone. The slight in- 
flection point near 470 m« would indicate a very 
small amount of bilirubin. No carotene is in- 
dicated. Visual inspection of the plasma oc- 
casionally showed a slight pink tinge indicat- 
ing hemolysis. Hemolysis in the sheep plasma 
was more easily detected visually because of 
the lack of yellow color. 

The absorption characteristics for the dog 
plasma (fig. 6) are very similar to those for 
the sheep plasma with absorption maximums 
at 420, 542, and 578 mz with a slight inflection 
in the curve at 470 ms#. Thus, the absorption 
characteristics are due almost entirely to hemo- 
globin, while very little bilirubin is indicated, 
and apparently no carotene is present. The 
high genera) absorption characteristics ex- 
hibited in curve 3 were caused by suspended 
fat globules which are frequently found in 
plasma from carnivorous animals. 

The cat plasma (fig. 7) is very similar to the 
dog and sheep plasma, both visually and in 
absorption characteristics. The more intense 
character of the 542- and 578-ms absorption 
bands would indicate a greater degree of 
hemolysis. 
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The absorption spectrum for the pig plasma 
is shown in figure 8. Here again, as in the dog, 
cat, and sheep, the absorption characteristics 
can be attributed almost entirely to hemo- 
globin. The intense character of the 542- and 
578-mz absorption maximums indicates a higher 
degree of hemolysis in the pig than in any of 
the other animals studied. Hemolysis was 
quite evident visually. 

Examination of the four weekly curves for 
the cow, horse, and sheep (fig. 3, 4, and 6, re- 
spectively) shows a remarkable uniformity in 
the absorption characteristics of the blood 
plasma for each animal. The absorption spec- 
trums for the dog, cat, and pig (fig. 6, 7, and 
8, respectively) show a variation in the degree 
of hemolysis over the period of observation. 
In addition, curve 3 for both the dog and the 
pig shows an anomalous behavior which is 
attributed to a turbid condition due to the 
presence of suspended fat globules. 


SUMMARY 

1) Absorption spectrums for plasma 
from a cow, horse, chicken, sheep, dog, cat, 
and pig at weekly intervals for four weeks 
are presented. 

2) Qualitative analyses of these curves 
on the basis of hemoglobin, bilirubin, and 
carotene content have been accomplished. 

3) Variations in absorption spectrums 
of plasma from individual animals over a 
limited period are shown, 

4) Hemoglobin has been shown to be a 
component of plasma even when there is 
no visual evidence of its presence. 
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Studies of the Conglutinating Complement-Absorption 
Test. I. With Constant Complement 


CHRISTINE E. RICE, Ph.D., and R. J. AVERY 
Hull, Quebec 


INTEREST IN the conglutination test has re- 
cently been revived by a series of papers by 
Hole and Coombs.'**.* In their first paper, 
these authors present a comprehensive re- 
view of the early literature and summarize 
the results of the few reports that have ap- 
peared on the subject during the past twenty 
years. As this review indicates, the conglu- 
tination test was used by the initial investi- 
gators in the diagnosis of typhoid, para- 
typhoid, dysentery, glanders, dourine, and 
several other diseases. The fact that in the 
intervening years it has been largely super- 
seded by the hemolytic type of complement- 
fixation test would suggest that the conglu- 
tination method had proved less satisfactory 
and more difficult to standardize than the 
latter. However, on reinvestigating conglu- 
tination procedures, they have found? it pos- 
sible to obtain reproducible results when all 
reagents are carefully controlled. On apply- 
ing this quantitative technique, which they 
term the “conglutinating complement-ab- 
sorption test” (CCA) to differentiate it 
from direct conglutination, in studies of 
experimental glanders in ponies, they found 
it to be more sensitive than the ordinary 
hemolytic test in detecting the presence of 
antibodies in serums from these animals. 
Furthermore, they demonstrate,* through 
the use of mallein and typhoid antiserums 
prepared in different animal species, that 
certain antiserums which do not fix guinea- 
pig (hemolytic) complement may exhibit 
definite fixation of the conglutinating com- 
plements from the horse and cat. These 
authors have been continuing the studies 
because they feel that the CCA test promises 
to be of definite value in the serum diag- 
nosis of diseases in which hemolytic com- 
plement-fixation (HCF) tests have not given 
good results. The possibilities of the test 
in the diagnosis of Q fever rickettsial in- 
fection in cattle has been pointed out 
recently.® 

The initial reports'* suggested that the 
CCA test might be useful in some of our 
own problems, particularly in studies of the 
activities of certain avian antiserums that 
fail to fix hemolytic complement in the pres- 
ence of homologous antigens,® for it seemed 
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that this test might be simpler in applica- 
tion than the “indirect” complement-fixa- 
tion test we had developed to meet this 
special need.7.* Moreover, at the time we 
were reinvestigating the usefulness of HCF 
in the standardization of different lots of 
mallein. we felt that conglutination might 
provide valuable supplementary informa- 
tion, particularly as results®* had indicated 
that it might give a broader antigen-anti- 
body coverage. 

The first part of the present paper out- 
lines in some detail the conglutination 
technique adopted as a result of our pre- 
liminary studies with mallein, Brucella, and 
Pneumococcus systems—a technique which 
is essentially that described by Hole and 
Coombs? with a few minor modifications. 
The second section presents a comparison of 
the antigen and antibody titers obtained in 
CCA tests with those determined by HCF 
tests. 


TECHNIQUE OF CONGLUTINATING COMPLE- 
MENT-ABSORPTION TEST 


Like the HCF test, the CCA test is an in- 
direct method of detecting and determining the 
approximate concentration of antigen or anti- 
body in test mixtures as shown by the fixation 
or reduction in the activity of standardized 
amounts of complement. The two tests differ 
in the kinds of complement used and in the 
method of demonstrating the loss in comple- 
ment activity. In the HCF test, the criterion 
of fixation of complement is a decrease in its 
hemolytic activity for sheep erythrocytes sen- 
sitized with antibody (amboceptor) usually 
prepared in rabbits. In the CCA test, the 
criterion of fixation is a decrease in the con- 
glutinating activity of the complement for 
sheep red cells treated with heated bovine 
serum which supplies both sheep red cell anti- 
body and conglutinin. Whereas, through the 
years, fresh guinea-pig serum has proved to be 
the most satisfactory source of hemolytic com- 
plement, that of the horse appears, on the 
whole, to be the most satisfactory for conglu- 
tination tests.* 

The five reagents involved in the CCA test 
are antigen, antiserum, complement, sheep red 
cell suspension, and heated cow serum. Di- 
luted antiserum, complement and antigen are 
mixed and held for sixty minutes in a water 
bath at 25 C. The indicator system, 0.2 ml. 
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of a mixture of equal parts of suitably diluted, 
heat-inactivated cow serum and 1 per cent 
sheep red cell suspension, is then added and the 
tests incubated for fifteen minutes in a 37 C. 
water bath. The mixtures are centrifuged at 
low speed for one minute and read by the re- 
suspension technique. When no agglutination 
has occurred, the cells are readily resuspended. 
If agglutinated, the cells appear in irregular 
clumps that quickly settle out leaving a clear 
or somewhat cloudy supernatant. Readings 
are recorded as 0 to 4+ depending upon the 
degree of agglutination and the relative clarity 
of the supernatant. 

Complement.—Bloed is collected from a 
healthy horse, allowed to clot, and the serum 
taken off and centrifuged. Any excess of 
serum over that needed for the day’s test may 
be frozen immediately, since horse comple- 
ment maintains its titer for weeks in the 
frozen state but deteriorates rapidly at room 
temperature or in the refrigerator. 

A 1:40 or 1:80 dilution of complement 
is prepared and the following quantities pipet- 
ted in duplicate to the bottom of 11 by 75 mm. 
tubes: 0.10, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 
0.03, 0.02, and 0.01 ml. Sufficient 0.85 per cent 
sodium chloride solution is added to bring the 
volume to 0.3 ml. in each tube; the mixtures are 
shaken, and 0.2 ml. of the sensitized sheep red 
cells added. After fifteen minutes’ incubation 
at 37 C., the mixtures are centrifuged and the 
reactions read in the usual manner. The 
smallest amount of complement showing com- 
plete clumping of the sensitized sheep red 
cells (4+) is taken as one unit. Dilutions of 
complement are prepared to contain two units 
in 0.1 ml.; these dilutions should be kept in a 
pan of ice water during use. If the time of 
filling is prolonged beyond one hour, fresh 
dilutions of horse complement should be made. 

Bleedings collected at different times from 
the same horse may vary in complement titer. 

Indicator Mixture.—The indicator mixture 
is prepared by adding diluted, heated bovine 
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XXII, was used as antigen in both tests 


TABLE !—Conglutinating Complement-Absorption and Hemolytic Complement-Fixation Serum-Dilution Titers of 
Serial Bleedings from 6 Horses Injected with Malleins Prepared on Broth or Synthetic Medium 
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serum to an equal volume of a 1 per cent sus- 
pension of sheep red cells. 

Sheep Red Cella..-Well-washed, fresh or 
preserved sheep red cells are made up to a 1 
per cent suspension, the turbidity of which 
is checked electrometrically. 

Bovine Serum.—Fresh bovine serum is 
heated for thirty minutes at 56 C. and main- 
tained in the frozen state until required. In 
determining its titer, serial twofold dilutions 
from 1:5 to 1:80 are prepared. To each 
serum dilution is added 0.1 ml. of the two-unit 
dilution of horse complement, 0.2 ml. of salt 
solution, and 0.1 ml. of a 1 per cent sheep red 
cell suspension. The tests are well shaken, in- 
cubated for fifteen minutes at 37 C., centri- 
fuged, and read. The highest dilution of cow 
serum inducing complete conglutination is 
noted and dilutions prepared to contain twice 
this amount in 0.1 ml. (or in 0.05 ml. for tests 
to which diluted rabbit amboceptor is added 
as an antibody supplement). 

The titers of the two essentials contributed 
by the cow serum, antibody for sheep red cells 
and conglutinin, rarely parallel each other’ in 
serums of individual animals. One of these 
variables may be eliminated by adding a very 
small amount of sheep red cell amboceptor to 
cow serum of low sheep red cell antibody titer; 
this is not required with cow serums of average 
or high titer. Care must be taken not to add 
enough to bring about the agglutination of 
the red cells in the absence of complement. 

The amount of rabbit amboceptor added has 
ranged from one eighth to one fifth of the 
quantity used in HCF tests to maximally 
sensitize the 5 per cent sheep red cell suspen- 
sion. Dilutions are prepared to contain this 
amount in 0.05 ml. Equal volumes of diluted 
amboceptor and the diluted heated cow serum 
are mixed. After standing for about five 
minutes, this mixture is added to an equal 
volume of 1 per cent sheep red cell suspension. 

Standard Antigen and Antiserum.—The 
same general principles govern the standard 
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ization of antigens and antiserums for the 
CCA tests as for the HCF tests 

Antigen.-All antigens are first tested un- 
diluted and in serial twofold dilutions for anti- 
complementary activity with one unit of com- 
plement. Serial twofold dilutions of antigen, 
beginning with one quarter of the minimum 
and anticomplementary dose, are set up with 
the “standard” dilution of antiserum, or, in 
preliminary tests, with a dilution of antiserum 
containing sufficient antibody to fix with homo- 
logous antigen, twice the. amount of comple- 
ment added. If too great an excess of antibody 
is used, prozone tendencies may be obscured, 

Twice the smallest average quantity of 
antigen with which complete inhibition of 
conglutination is observed in repeated titra- 
tions with two units of complement, is taken 
as the standard amount for such tests. 

Antiserum.—Serial dilutions of antiserum 
are mixed with two units of complement and 
the standard dilution of antigen ior in pre- 
liminary titrations with % of the minimum 
anticomplementary dose) and incubated for 
the hitherto stated periods at 25 and 37 C. 
Controls of the anticomplementary activities 
of these serum dilutions accompany the test. 

The quantity of antiserum selected as stand- 
ard is twice the minimum required for com- 
plete inhibition of fixation in repeated titra- 
tions with two units of horse complement; this 
quantity must have no appreciable anticomple- 
mentary effect. 

Tests for Antibody.—In testing a serum for 
the presence of antibody, serial twofold (or 
dilutions are prepared, To 0.1-ml! 
amounts of these dilutions are added 0.1 ml. 
of the two-unit dilution of hevse serum and 
0.1 ml. of the standard dilution of antigen 
After sixty minutes incubation at 25 C., 0.2 
ml. of sensitized sheep red cells is added, the 
mixtures held in the 37 C. water bath for 
fifteen minutes, centrifuged, and read. Antigen 
controls as well as controls of the effect on 
complement of 0.1 ml. of the first three or six 
dilutions of each test serum (without antigen) 
are included in all titrations 

Since serums of animals contain 
natural agglutinins for sheep red cells, it is 
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TABLE 2—Conglutinating Complement-Absorption and Hemolytic Complement-Fixation Antigen-Dilution Titers 
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also advisable to test the lower dilutions of 
each serum for agglutinative activity for sen- 
sitized sheep red cells in the absence of comple- 
ment. Serums found to have a high aggluti- 
native titer should be absorbed with sheep red 
cells before retesting by the CCA method. 

The titer of the antiserum is expressed as 
the highest dilution that completely inhibits 
conglutination and is without anticomplemen- 
tary or agglutinative activity. When a com- 
parable degree of inhibition of conglutination 
is observed in tests with and without antigen, 
the reaction is classified as anticomplementary. 

Tests for Antigen.—Serial twofold dilutions 
of the material to be tested for the presence 
of antigen are prepared and pipetted in 0.1-ml. 
amounts in duplicate. To the first set, 0.1 ml. 
of the two-unit dilution of complement and 
0.1 ml. of salt solution is added; to the second 
set, 0.1 ml. of the two-unit complement dilu- 
tion and 0.1 ml. of the standard dilution of 
antiserum. The first set, therefore, serves as 
a control of the anticomplementary properties, 
the second, of the antigenic activity of the test 
material. The antigenic titer is expressed in 
terms of the highest dilution of antigen, with- 
out significant janticomplementary properties, 
that produces complete inhibition of congluti- 
nation in the presence of antiserum. 

Complement controls (0.1 ml. of the two- 
unit dilution of complement end 0.2 ml. of salt 
solution) as well as controls of the stability of 
the sensitized sheep red cell suspension are 
included in both the antigen and the antibody 
tests. Complete conglutination should be re- 
corded in the former, none in the latter. 

It will be evident from the foregoing, that 
only minor mojlifications have been introduced 
in tae CCA methods of Hole and Coombs.’ These 
were a reduction of the total volume of the 
test from 2.0 to 0.5 ml, the use of a 1 per cent 
rather than an 0.5 per cent suspension of 
sheep red cells, preliminary incubation at 25 C., 
and secondary incubation at 37 C. rather than 
at room temperature throughout, and, when 
required, the addition of a very small amount 
of sheep red ce}l amboceptor to supplement the 
natural antibody in the heated cow serum. 

Technique of Hemolytic Complement-Fiza- 


in Tests with Horse and Rabbit Antiserums 
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tion Tests.--Antibody titers determined by the 
foregoing method were compared with those 
obtained in HCF tests of the serum-dilution 
type. In this method, 0.1 ml. of serial dilutions 
of serum were titrated with a constant dilution 
of complement (0.1 ml. of a dilution contain- 
ing three or four 50 per cent hemolytic units) 
and 0.1 ml. of a standard dilution of antigen 
After a period of preliminary incubation of 
ninety minutes at 37 C., 0.2 ml. of a mixture 
of a 5 per cent sheep red cell suspension with 
an equal volume of suitably diluted sheep red 
cell amboceptor was added. The period of 
secondary incubation was thirty minutes at 
37 C. The reagents for this test were pre- 
pared as described in “Standard Methods of 
the Division of Laboratories and Research of 
the New York State Department of Health.” 


EXPERIMENTAL RESULTS 


As has been stated earlier, we had a two- 
fold purpose in taking up the study of the 
CCA test: (a) to determine whether it 
would be more sensitive than HCF methods 
in the titration of antigen-antibody mix- 
tures capable of reacting with both hemo- 
lytic and conglutinating complements, and 
(b) to ascertain whether this test would 
detect activity in certain antigen-antibody 
systems that had consistently failed to fix 
guinea-pig (hemolytic) complement. 

Relative Titers of Conglutinating Com- 
plement-Absorption and Hemolytic Comple- 
ment-Firation Tests.—Three antigen-anti- 
body systems were used in comparing the 
relative sensitivity of CCA and HCF meth- 
ods—mallein, Brucella, and Pneumococcus. 
The data summarized here will be presented 
in greater detail 

Mallein Syvstems.—Bleedings collected at 
periodic intervals from horses and rabbits 
under immunization with mallein prepared 
on broth or synthetic medium were tested 
in paralle] in CCA and HCF tests of the 
serum-dilution type. Three 50 per cent 
hemolytic units were added in the HCF 
tests, two complete conglutinating units in 
the CCA tests. The former amount is less 
than the two complete hemolytic units pre- 
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Abortus Suspension of 62 Bovine Serums Reported a1 Reactive in Routine Diagnostic Agglutination Tests 
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viously used® in comparative studies, but 
represents the level of sensitivity we had 
previously adopted as satisfactory for mal- 
lein HCF tests. 

Table 1 illustrates the general agreement 
between the CCA and HCF titers of three 
bleedings from each of 6 horses. The first 
bleeding was collected Oct. 22, 1948, after 
the horses had been rested for three months 
following an earlier series of subcutaneous 
injections of broth (horses 1, 2, and 3), or 
synthetic mallein (horses 4, 5, and 6). The 
first recall dose of mallein was given intra- 
venuously on the same day, a second injee- 
tion one week later, October 29, immediate- 
ly after a second bleeding. The horses were 
bled again on November 5. The October 22 
bleedings displayed little complement-fixing 
activity in either CCA or HCF tests. The 
second and third bleedings showed a marked 
rise in titer, particularly those from horses 
receiving broth mallein. Five of these 12 
postinjection bleedings had the same titers 
in CCA and HCF tests; three had higher 
titers in the former and four in the latter 
In no case was the difference greater than 
twofold, a difference which is not statis 
tically significant. 

Periodic bleedings from 2 other horses 
that had been immunized with another lot 
of synthetic mallein showed a similar degree 
of agreement between titers determined by 
CCA and HCF methods. 

Our failure to demonstrate significant 
differences in the relative complement-fixing 
activities of mallein horse antiserums with 
guinea-pig and horse complement seems to 
be in some disagreement with earlier re- 
sults,” when the CCA test was found to be 
more sensitive than the HCF test in detect- 
ing the presence of antibodies in the serums 
of infected ponies. However, since our 
serums were prepared by the intravenous 
and subcutaneous injection of mallein fil 
trates, it seems conceivable that the re- 
sultant antibodies may have differed from 
those induced by infection in the antigenic 
elements toward which they were directed, 
or possibly even in the serum globulin com 
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ponent with which they were associated. 
Such differences in the nature of the respec- 
tive antibodies, if existent, might be re- 
flected in their relative behaviour with 
horse and guinea-pig complement in the 
presence of mallein antigen. 

The CCA and HCF tests were also used 
in parallel in testing the relative activities 
of a series of malleins prepared with two 
different strains of Malleomyces mallei, 
325A and %26A,, on broth and synthetic 
medium and harvested after two or three 
months’ incubation. Mallein antiserums 
from both horses and rabbits were employed 
in these titrations. The results for five rep- 
resentative lots of mallein are given in 
table 2. 

In tests with both horse and rabbit anti- 
serums, synthetic mallein XXII had a titer 
of 1:2,560 in CCA as compared with 
1: 1,280 in HCF tests. Lower dilutions of 
this mallein were somewhat anticomple- 
mentary in the former test. Both tests in- 
dicated a definite rise in antigenic titer in 
the strain 325A cultures during the third 
month of incubation. According to the 
HCF test with horse antiserum, the strain 
326A, preparation harvested at two months 
had a higher titer than that harvested at 
three months; a more precise quantitative 
technique with varying amounts of comple- 
ment verified the fact that these two prepa- 
rations differed in complement-fixing prop- 
erties. In HCF tests with rabbit antiserum, 
however, these two lots of 326A, mallein 
had the same titer. The CCA titers of the 
two months’ culture filtrate were higher 
than the HCF titers of the same: the CCA 
and HCF titers of the three months’ filtrate 
were comparable 

Whether the differences in complement- 
fixing activities shown by these and various 
other malleins with horse and rabbit anti- 
serums and in the two forms of titration 
are indicative of actual variation in anti- 
yenic make-up remains to be shown. Since 
the question is important from the stand- 
point of mallein standardization, it is re- 
ceiving further attention. 


Brucella Systems.—-In extending these 
comparative studies of the two types of 
complement fixation to titrations with a 


particulate antigen and to antiserum from 
another animal species, a small group of 134 
specimens of bovine serums, submitted for 
examination for evidence of brucellosis were 
tested in parallel by the CCA and HCF 
techniques, using suitable dilutions of a 
Brucella abortus suspension 

Of the 134 serums, 62 had been reported 
as positive in the two routine diagnostic 
agglutination procedures (slide and tube 
methods). All of these were also reactive 
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in both complement-fixation tests. As is 
indicated in table 3, the titers were always 
higher in CCA than in HCF tests. The 
value of the ratio of the CCA to the HCF 
titer was 2 for 6, 4 for 31, 8 for 16, and 
16 for 9 serums, 

The remaining 72 specimens had been 
negative in the diagnostic agglutination 
tests with Br. abortus antigen. Of these, 48 
did not fix complement with this antigen in 
either the CCA or HCF:; 16 were negative 
in HCF but anticomplementary in CCA 
tests. None of the specimens was anticom- 
plementary in both tests. The anticomple- 
mentary properties toward horse comple- 
ment increased more rapidly on storage 
than those toward guinea-pig complement. 

In short, therefore, although the CCA 
test proved to be more sensitive than the 
HCF technique in the titration of positive 
bovine serums, a larger proportion were 
found to be anticomplementary. Since, in 
the presence of antigen, this zone of non- 
specific fixation may extend one or two 
tubes beyond the anticomplementary range, 
it is more difficult to interpret the signifi- 
cance of reacticns in the CCA test. 

Pneumococcus Systems.—-Pneumococcus 
type 1 and type 2 horse antiserums failed to 
fix horse complement in the presence of 
homologous type-specific carbohydrate, just 
aux they have been repeatedly shown to lack 
complement-fixing activity with the same 
antigens in HCF tests.'* On the other hand, 
mixtures of Pneumococcus rabbit anti- 
serums with homologous carbohydrate an- 
tigen readily fixed both guinea-pig and 
horse complement. 

In CCA titrations with a constant amount 
of type 1 Pneumococcus rabbit antiserum 
and serial dilutions of type 1 carbohydrate, 
a prozone was noted with an excess of 
antigen, an intermediate zone of complete 
fixation, and a postzone of partial, then of 
negative, reactions. The zone of complete 
fixation, although somewhat broader than 
that observed in HCF tests, roughly coin- 
cided with the latter. Similar results were 
obtained with type 3 Pneumococcus rabbit 
antiserums and type 3 carbohydrate. 

In parallel titrations of a small number 
of types 1, 2, and 3 Pneumococcus rabbit 
antiserums with suitable dilutions of homo- 
logous type-specific carbohydrate, the CCA 
titers were similar to, or in some cases 
slightly higher than, the HCF titers. 

These Pneumococcus systems have been 
used in studying the quantitative relation- 
ships between each of the reagents in CCA 
tests.'3 

Avian Antiserums 
in the assay of the 
chicken, turkey, and 


A practical difficulty 
antibody content of 
various other avian 
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antiserums has been their failure to fix 
guinea-pig complement in the presence of 
homologous antigen. Where other serologic 
methods, such as agglutination or precipita- 
tion, are applicable, this lack of complement- 
fixing activity is not of much practical im- 
portance. In means, however, that the 
hemolytic complement-fixation methods, 
which have proved so valuable in investiga- 
tion of viral infection in mammalian species, 
are not available for studies of such infec- 
tions in these birds. Although the indirect 
complement-fixation test? can be used in 
titrating viral avian antiserums,'*.'5 one is 
always confronted with the problem of ob- 
taining a satisfactory complement-fixing 
antiserum from some other animal species 
for the secondary system. Since a direct 
test is obviously simpler, a search was 
undertaken for some other type of comple- 
ment, hemolytic or conglutinating, which 
would be fixed by such avian antibody- 
antigen systems. 

Preliminary studies with horse comple- 
ment have given negative results in the fol- 
lowing systems: chicken and turkey pul- 
lorum antiserums with Salmonella pullorum 
suspensions, Newcastle disease virus an- 
tigen with serums of chickens convalescent 
from infection with this agent, and _ in- 
flUuenza virus chicken antiserums with 
allantoic fluids from chicken embryos inoc- 
ulated with this virus. Other serologic 
methods, agglutination in the case of the 
first system and hemagglutination-inhibi- 
tion with the second and third, indicated the 
presence of high antibody titers in these 
various chicken antiserums. 


DISCUSSION 


These preliminary studies of the CCA 
reaction, in agreement with earlier find- 
ings,” * have shown that under carefully 
controlled conditions this test may provide 
results in relatively good agreement with 
those obtained by the hemolytic complement- 
fixation technique, or, in some instances, 
may prove definitely more sensitive than the 
latter method in detecting the presence of 
antigen-antibody combinations. The con- 
glutination reaction is relatively easy to 
read but does not permit differentiation of 
finer degrees of reaction. It cannot be 
expected, therefore, to lend itself to the 
more precise quantitative estimation of 
antigen and antibody content that is pos- 
sible with the HCF test. However, where 
a test of the serum- or antigen-dilution type 
with constant complement is considered to 
provide sufficiently accurate information, 
the two tests may be about equally satisfac- 
tory. In the case ef bovine antiserums, or 
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serums of various other animal species,‘ the 
greater sensitivity of the CCA method may 
indeed outweigh in importance its lesser 
precision, provided of course this gain in 
sensitivity has not been accompanied by a 
proportionate loss in specificity. It would 
seem well worthwhile to reinvestigate a 
number of antigen-antibody systems that 
have given unsatisfactory results in HCF 
tests with guinea-pig complement, to deter- 
mine whether the CCA method with horse 
or with other conglutinating complements 
might be of practical value. 

The observation that certain serums may 
be anticomplementary with guinea-pig but 
not with horse complement, or vice versa, 
may also have practical significance. It 
suggests that in dealing with anticomple- 
mentary specimens, always a problem in 
diagnostic work, that CCA might function 
as a useful supplement to HCF tests, 


SUM MARY 


The conglutinating complement-absorp- 
tion (CCA) technique,? with minor modifi- 
cations, has been applied in parallel with a 
hemolytic complement-fixation (HCF) test 
of the serum-dilution type in preliminary 
studies of a number of different antigen- 
antibody systems. 

In the titration of mallein antiserums 
prepared in horses and rabbits by subcut- 
aneous injection of mallein produced on 
broth or synthetic medium, the two tests 
appeared to possess relatively comparable 
sensitivity. Pneumococcus rabbit anti- 
serums in mixture with homologous type 
specific carbohydrate, also fixed guinea-pig 
and horse complement to a relatively com- 
parable deyree. In tests of bovine serums 
with Brucella abortus suspension, however, 
the CCA test was more sensitive than the 
HCF method employed. Pneumococcus horse 
antiserum and various chicken antiserums, 
which had been previously shown to lack 
the capacity for fixing guinea-pig comple- 
ment in the presence of homologous antigen, 
also failed to fix horse complement with the 
same antigens. 

Some of the possible practical applications 
of the CCA test are discussed briefly. 
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The Effect of a Thiamine Analogue on 
the Histopathology of Rat Tissues 


M. J. SWENSON, M.S., D.V.M. 


IN A FORMER PAPER,' the effects of a thia- 
mine analogue, o-aminobenzy}l-(3)-4-methyl- 
5-8-hydroxyethylthiazolium chloride hydro- 
chloride,* on growth and on the thiamine 
content of rat tissues were reported. It was 
found that growth was inhibited slightly in 
weanling rats by feeding this analogue 
Clinically, the analogue did not produce ill 
effects, as the rats receiving the analogue 
could not be differentiated from those in the 
control groups. The thiamine concentra- 
tion in the liver, kidney, and skeletal muscle 
was slightly lower when the analogue was 
fed but the difference was not significant. 

This paper includes the observed histo- 
pathologic changes occurring in selected 
tissues. Sciatic nerves were examined 
with a_ polarizing microscope. Tissues 
stained with hematoxylin and triosin were 
compared with those stained by the Marchi 
method. 


LITERATURE 


Various methods have been used in studying 
histologic changes occurring in tissues As 
early as 1854, Virchow and other investiga- 
tors used the polarizing microscope in study 
ing nerve tissue. They noticed that myelin 
sheaths of nerve fibers were optically active. 

Polarized light is known to vibrate in one 
plane only, while ordinary light vibrates in all 
directions perpendicular to the direction in 
which it travels. Substances appearing black 
between crossed prisms of the polarizing mi- 
croscope are isotropic. When substances ap- 
pear light under the same conditions, they 
are said to be anisotropic or show the property 
of birefringence 

Myelin, a mixture of compound lipids, 
changes from its normal anisotropic appear- 
unce to an isotropic state when it undergoes 
degeneration. The exact chemical change ap- 
pears to be unknown. Sutton and coworkers 
realized that myelin may change to triglycer- 
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ides, which are isotropic, thus permitting a 
more accurate study of myelin sheath degen- 
eration with the polarizing microscope, Baird 
states that one and one-half hours after a 
myelinated nerve is severed, degeneration can 
be observed with a polarizing microscope. After 
three hours, the fibers are swollen and the 
myelin has separated into masses. 

Sutton and coworkers® produced myelin 
sheath degeneration of peripheral nerves in 
rats by feeding a vitamin A-deficient diet 
Lee and Sure’ obtained results similar to those 
of Sutton and coworkers. They produced mye- 
lin sheath degeneration in the sciatic nerves of 
rats by feeding thiamine-deficient, vitamin A 
deficient, and B-complex-deficient diets 

Prickett and coworkers’ demonstrated a 
marked difference in the degree of myelin 
sheath degeneration of rats by varying the 
thiamine intake. In acute deficiencies, the 
appearance of the nerves was essentially 
normal, while rats receiving a suboptimal 
level of thiamine for a longer period of time 
showed a considerable amount of myelin 
sheath degeneration. Control groups, receiv- 
ing an adequate amount of thiamine over a 
long period but limited in food intake, showed 
more degeneration than  thiamine-deficient 
rats, 

The transformation of normal myelin to its 
degenerated state can also be shown by fat 
stains. Hassin® states that, twenty-four hours 
after a nerve is severed, the Marchi staining 
method shows that the myelin has become 
swollen, irregular, and separated into frag- 
ments. Degenerated myelin becomes black on 
exposure to osmic acid in this method of stain- 
ing Setterfield and Sutton’ observed black 
droplets in the nerves of thiamine-deficient 
rats by using the Marchi stain. This finding 
checked closely with their polarized light study 

Davison and Stone observed as many lesions 
in the nervous system of starved rats as those 
receiving diets deficient in thiamine or ribo- 
flavin. The lesions were vacuolation, liquefac- 
tion necrosis, and chromatolysis of the gan- 
glion cells of the brain and spinal cord. The 
myelin sheaths of the peripheral nerves were 
also degenerated 

Shaw and Phillips* observed in acute thia 
mine deficiency a small amount of myelin 
sheath degeneration in the peripheral nerves 
and spinal cords of 6- to 8-week-old pigeons, 
while the peripheral nerves and spinal cords 
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of day-old chicks appeared normal. Symp- 
toms of acute thiamine deficiency in the young, 
growing chicks appeared in eight to nine days, 
while a longer time was required for the 
pigeons, which accounted for the difference in 
the myelin sheath degeneration. Chronic thia- 


Fig. 2—Longitudinal section of sciatic nerve from rat 
108 showing myelin sheath degeneration. Marchi. x 500 


mine deficiency produced a moderate amount 
of degeneration in the myelin sheaths of both 
pigeons and chicks. 

Phillips and Engel’ demonstrated with 
polarized light and by the Marchi method of 
staining that a riboflavin deficiency in chicks 
caused histologic changes characterized by de- 
generation of the myelin sheaths in the periph- 
eral nerves and the spinal cord. Muscle fibers 
were also degenerated. 

Engel and Phillips” believe that rats receiv- 
ing a balanced diet, with the exception of thia- 
mine, seldom show pathologic changes in the 
peripheral nerves, spinal cord, brain, and kid- 
neys. When thiamine was given to thiamine- 
deficient rats, fatty degeneration of the liver 
occurred. The nuclei of the liver cells remained 
normal, 

Eveleth and Biester“ found that severe 
myelin sheath degeneration in swine was not 
the cause of incoédrdination. The animals re- 
covered from the incodrdination following the 
supplementation of vitamin A and green 
feeds, but the myelin sheath degeneration was 
still present. Vitamin A and the B-complex 
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vitamins were eliminated as possibilities in 
causing incodrdination and myelin sheath de- 
generation in swine. Control pigs on pasture 
did not exhibit myelin sheath degeneration in 
the spinal cord. It is presumed that the ani- 
mals on pasture received some nutritional fac- 
tor which was absent in the diets of those 
showing degeneration in the spinal cord. 

Evans, Carlson, and Green" found the pri- 
mary lesions in Chastek paralysis to be in the 
liver, heart, and brain. The liver showed 
severe fatty degeneration, congestion, hemor- 
rhages, and necrosis of the hepatic cords. 
Focal necrosis appeared in the heart along 
with hemorrhages, cloudy swelling, enlarge- 
ment of the nucleoli in the myocardial cells, and 
proliferation of connective tissue 

Vedder” states that in the early stages of 
beriberi, the heart becomes hypertrophied, fol- 
lowed by dilatation and cardiac failure. There 
is chronic passive congestion of the liver, 
spleen, kidneys, and intestines. Degenerative 
changes are present in the liver. The skeletal 
muscles become atrophied with a loss of stria- 
tions, shrinkage of sarcoplasm, and degenera- 


Fig. 3-——Cross section of spinal cord from rat 108 show- 
ing myelin sheath degeneration. Marchi. x 500. 


tion. The myelin sheaths in the peripheral 
nerves and spinal cord are degenerated, Engel 
and Phillips’ believe that in uncomplicated 
cases of beriberi, myelin sheath degeneration 
does not occur. 


METHODS AND RESULTS 


This investigation was designed to deter 
mine what effect a thiamine analogue, o-amino 
benzyl-(3)- 4 - methyl - 5 - 8 - hydroxyethylthia.- 
zolium chloride hydrochloride, may have on the 
various rat A study comparing the 
histopathologic changes in rats receiving ‘he 
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Fig. 4—Brain medulla of rat 112 showing myelin sheath 
degeneration. Marchi. x 500 
Fig. 5—Liver of rat 124 showing a fatty change around 
a central vein. Marchi. x 300. 


Fig. 6—Liver of rat 108 showing atrophy. Note number Fig. 7—Liver of rat 109 showing a fatty change around 
of nuclei per unit of space. Hematorylin-triosin. « 300 a central vein. Hematonylin-triosin. « 300 


108 


THIAMINE ANALOGUE 


analogue with their control has been 
made. 

Weanling rats, 4 weeks old, were divided 
into six groups. Groups A through E received 
a basal diet ad /ib., which was void of thiamine. 
Group F commercial fox chow 
ad lib. Some of the groups received supple 
ments as shown in table 1. A description of 
the experimental procedure, including the con- 
tents of the basal diet and the preparation of 
the supplements, has described in a 
previous paper.’ 

The rats in groups A and D, receiving the 
thiamine-free diet and apparently affected 
with acute thiamine deficiency, showed a con- 
siderable amount of dehydration and atrophy 
of the skeletal It was particularly 
noticeable in rat 108, which had lost 15 Gm. 
from its starting weight. The rats receiving 
the thiamine-free diet consumed less basal diet 
and water than those receiving thiamine-de- 
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ficient diets. They were also observed as be- 
ing less active than those receiving thiamine 
in their diet. The hearts from the rats re 
ceiving the thiamine-free diet were atonied 
Hydropericardium was present in the rats of 
series 1, while it was not observed in series 2 
Grossly, the remaining tissues appeared nor 
mal, 

A portion of sciatic nerve from each rat of 
series 1 placed in 10 per cent formol- 
saline immediately after chloroform 
euthanasia. On the following day, longitu- 
dinal sections, 10 « in thickness, were made of 
the nerves with a freezing microtome. The 
sections were floated in water, placed on a 
clean slide, mounted in glycerin, and covered 
with a glass At this time, the 
sections were examined between crossed prisms 
of a polarizing microscope. Photomicrographs 
were taken of the nerves at the point of great- 
est birefringence 


was 
solution 


clean cover 


TABLE 1 —Comperison of Growth Data from Two Series of Rats Receiving the Thiemine-Free Basal Diet® with 


Daily Supplements of Thiamine and the 


re« ‘ ‘ 
loride hydrochloride 


eived omimer 


-Aminobenty!l Analogue*® 


expt 


4 


1, ss - 
Wt. wher (iain oF 
ipplementation of By ar on 
tiroup A ‘ 
110 is 
(3 we. Uy last ays) ‘ 
111 1% Inet lave) 
14 ‘ 
147 
Group B 
‘ 
114 ts “4 
add. ax. B ast 16 daye) 4 
0 
49 
106 
0 
7 ii 
f 
(ar ip ¢ uxt and analogue 
138 
(5 add. ag. By last 16 days) 
119 add. ag. By last 20 days) ” 
‘ 
156 i4 
tit pb me. t anal ‘ 
191 
126 
; 12 (5 wg. last 29 dave 1% 
157 
158 
‘ + + 
(roup ax 
iv 
176 
162 
163 
164 4 
(er pe 
hiazolium | 
: 


110 M. J. SWENSON cr. Res 


Figure 1 consists of several photomicro 
graphs of the sciatic nerve taken between 
crossed prisms of a polarizing microscope, with 
the exception of “f.’’ These photomicrographs 
are representatives from each group showing 
various degrees of degeneration. Rat 108 
(fig. 1, a) shows the most degeneration, while 
rat 127 (fig. 1, h) shows the least. The latter, 
however, does show some degeneration of the 
myelin sheaths, notwithstanding the fact that 
the commercial fox chow was intended to be 
used in order to obtain normal rat tissues. 
When degeneration oecurs, normal myelin 
apparently breaks down into isotropic com 
pounds which appear black in the photomicro- 
graphs. Normal myelin, being anisotropi:c, 
appears white in the photomicrographs. In 
rat 111 (fig. 1, b), which had received a sup 


plement of 5 wg. of thiamine for thirty-two 


days, there appears less degeneration in the 
myelin sheaths than in rat 108 (fig. 1, a). Rat 
111 (fig. 1, b) corresponds closely to rat 114 
(fig. 1, c). Rat 117 (fig. 1, d), receiving 5 ag. 
of thiamine and | mg. of thiamine analogue 
with a supplement of 5 additional ug. of thia- 
mine the last sixteen days, shows less degen- 
eration than rat 111 (fig. 1, b). Figures 1, e 
and 1, f of rat 120, receiving 1 mg. of thiamine 
analogue and 5 wg. of thiamine for the last 
twenty-nine days, are photomicrographs taken 
between crossed and uncrossed prisms, respec- 
tively. By the latter method, one cannot detect 
degeneration, while by the former, the amount 
of degeneration corresponds closely to that of 
rats 111 and 114 (fig. 1, b and 1,¢). Rat 124 
(fig. 1, zg), receiving 50 «g. of thiamine, shows 
slightly more degeneration than rat 127 (fig. 


TABLE 2—Results of the Marchi Method of Staining Tissues from Two Series of Rats Receiving the Thiemine- 
Free Basal Diet® with Daily Supplements of Thiamine and the o-Aminobenzy! Analogue**® of Thiamine 
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1, h), as evidenced by the swollen myelin 
sheaths. 

In conjunction with the polarized light studies, 
small portions of liver, kidney, heart, sciatic 
nerve, skeletal muscle, spinal cord, and brain 
were placed in Muller's fluid. The Marchi 
method of staining” was followed, except that 
dioxane was used instead of alcohol for dehy- 
dration. The tissues were sectioned 20 « in 
thickness. 

Table 2 is a summary of the pathologic 
changes found in the tissues that were stained 
by the Marchi method. The degeneration of 
the myelin sheaths checks closely with the 
polarized light studies. Figure 2, which shows 
the degenerated myelin sheaths of the sciatic 
nerve as black, corresponds with figure 1, a 
(rat 108). 

Myelin sheath degeneration in the spinal 
cords was general in all the rats. These find- 
ings were similar to those found in the corre- 
sponding sciatic nerves. As a rule, the lesions 
in the spinal cords appeared more marked than 
in the sciatic nerves. Figure 3 shows a cross 
section of the spinal cord of rat 108. A ma- 
jority of the myelin sheaths appears to be de 
generated. 

Myelin sheath degeneration was seen in the 
brain medulla of all the rats except those in 
group F receiving the commercial fox chow 
and group E in series 1 receiving 50 »g. of 
thiamine daily. Figure 4 shows myelin sheath 
degeneration in the brain medulla of rat 112. 
Many of the sheaths appear unaffected while 
others have become deeply stained by the osmic 
acid. 

Many of the livers showed a fatty change in 
the hepatic cells around the central veins, of 
which figure 5 is an example. This condition 
was present in all the livers (table 2) except 
from those rats receiving the commercial fox 
chow and those receiving thiamine-free diets, 
with the exception of rats 121, 145, and 147, 
which showed only atrace. The liver from rat 
115, which had received 10 ug. of thiamine per 
day for the last twenty days, did not show a 
fatty change. 

A small amount of fatty change was seen in 
the kidneys of rat 118 (seriesl) and of rats 
149, 154, 162, and 163 (series 2). The Marchi 
staining method also revealed traces of a fatty 
change in the heart (table 2). All the hearts 
from series 2 were affected while the degen 
erative changes occurring in series 1 were in 
consistent. Degenerative changes in the skele 
tal muscles were not detected by this staining 
method. 

Portions of tissue corresponding to those 
taken for the Marchi staining method were 
sectioned and stained according to the hema- 
toxylin and eosin method, except that a 1 per 
cent solution of triosin in 90 per cent alcohol 
was used instead of eosin. In thiamine de- 
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ficiency, degenerative changes may occur in 
skeletal muscles Necrosed skeletal muscle 
fibers are often replaced by fibrous connective 
tissue,” which triosin differentiates by stain- 
ing orange-red. 

The tissues of the rats on the thiamine-free 
diet showed dehydration with atrophy. Figure 
6 illustrates this condition as it occurred in the 
liver of rat 108. It is well to note the num 
ber of nuclei per unit of space. Similar 
changes were observed in the livers of all rats 
receiving the thiamine-free diet. 

A fatty change, indicated by the appearance 
of large, clear vacuoles in the hepatic cells, 
was observed in rats receiving thiamine-de- 
ficient diets and also in those receiving 50 ag. 
of thiamine daily. These vacuoles corre- 
sponded in size and location to the large black 
droplets found in the tissue stained by the 
Marchi method (table 2). Figure 7 is a photo- 
micrograph showing a fatty change in the 
hepatic cells around a central vein (rat 109). 
This rat was supplemented with 5 ag. of thia 
mine daily for thirty-two days, after receiving 
the thiamine-free diet for forty days. 

Nerve cells in the gray matter of the brain 
medulla and spinal cord of all the rats, except 
those receiving the commercial fox chow, 
showed various degrees of degeneration. The 
number of degenerated cells was proportional 
to the amount of degeneration found in the 
sciatic nerves with the polarized light and 
Marchi methods. Figure & is a photomicro- 
graph showing the degenerated nerve cells. 
These cells have lost all detail, with the excep- 
tion of two normal cells toward the bottom of 
the picture. 

Degenerative changes were observed in the 
skeletal muscles of the rats from all the 
groups in both series except the one receiving 
commercial fox chow. The skeletal muscles 
of the rats receiving the thiamine-free diet 
were atrophied. The rats receiving the 5 ag. 
supplements of thiamine in groups A and D 
showed less atrophy than those receiving the 
thiamine-free diet, an increase of connective 
tissue, and a loss of muscle striations. Less 
tissue atrophy was observed in the rats re- 
ceiving more than 5 #g. of thiamine daily, with 
none appearing in the rats receiving 50 #g 
daily 

The degenerative changes in the skeletal 
muscle fibers of rat 114 are illustrated in fig- 
ure 9. The light areas in the photomicrograph 
show the early changes of degeneration in the 
muscle fibers. These areas are stained blue 
with hematoxylin and triosin in contrast to 
the normal pink fibers Advanced degenera- 
tive changes of the skeletal muscle (rat 117) 
are seen in figure 10 Calcification, giant 
cells, and connective tissue proliferation are 
present. The rats of group E, receiving 50 #g. 
of thiamine daily, showed changes in the 
muscle fibers similar to figure 9. 
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Fig. 8—Brain medulla of rat 108 showing degenorated Fig. 9—Skeletal muscle of rat 114 showing an early 
nerve cells. Hematornylin-triosin. « 300 degenerative change. Hematorylin-triosin. x 300. 


Fig. 10—Skeletal muscle of ret 117 showing calcifica Fig. 11 —Kidney (cortex) of rat 117 showing calcifice- 
tion, giant cells, and connective tissue proliferation tion. Hematoxylin-triosin. x 300 
Hematorylin-triosin. « 300 
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The kidneys from the rats In groups A and 
D of both series were atrophied. Albuminous 
degeneration was present I! the tubule cells 
throughout the kidneys of all the rats except 
those from group F, which received the com 
mercial fox chow Calcified areas in the cor 
tex of the kidneys, surrounded by connective 
tissue proliferation, and hyaline casts In the 
tubules were found in rats 114 and 14¥ (group 
3). 117. 118, and 154 (group C), and 124 and 


162 (group E). The calcified areas are close 
to the capsule. Figure 11 shows this co dition 
in rat 117. The hyaline casts appear in the 
tubules, as shown in figure 12 The kidney of 


rat 118 showed the most severe degenerative 
changes of any rat which included large areas 
of necrosis in addition to calcification, connec 
tive tissue proliferation, hyaline casts in the 
tubules. and albuminous degeneratior of the 
tubule cells These a.terations may acc runt 
for the small weight gain of rat 118 as seen 
in table 1 

The hearts appeared normal with hematoxy 
lin and triosin with the exception of a few 
myocardial hemorrhages 


DISCUSSION 


The pathologic changes in the various 
rat tissues cannot be attributed to the 
o-aminobenzyl analogue of thiamine. By 
histologic comparison, the tissues from rats 
receiving the analogue cannot be distin- 
guished from their controls It is true, 
however, that considerable change had 
occurred in the tissues, but some factor o1 
factors other than the analogue must be 
involved because the control animals were 
also affected 

The fatty change observed in the livers 
of rats receiving thiamine-deficient diets 
for approximately thirty-five days was 
absent in those receiving the thiamine-free 
diet over the same period of time. Although 
the dailv administration of 50 yg. of thia 
mine is considered adequate for normal 
yrowth, the rats in group E, receiving this 
level of thiamine daily, also showed a fatty 
change in the liver around the central veins 
Therefore, it appears that some factor or 
factors other than thiamine, either present 
or deficient in the diet, may have produced 
the fattv change in the liver 

Central necrosis of the liver lobules has 
been observed in cases of beriberi.'* This 
condition was attributed to cardia insuffi- 
ciency which, in turn, impaired the venous 
circulation and later caused the central 
necrosis. Cardiac insufficiency may have 
caused the fatty change in the liver of the 
rats receiving thiamine-deficient diets. The 
demands upon the heart of the rats receiv- 
ing the thiamine-free diet may have been 
lessened by the decreased food consumption 
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and decreased activity to permit an ap 
parent normal functioning of the organ. 
The degenerative changes in the skeletal 
muscle, as boss of striations, hyaline forma 
tion. and necrosis with connective Ussue 
proliferation and calcification, were ob- 
served in every animal except those recei\ 
ing the thiamine-free diet and the commer 


Fig. 12—Kidney (medulla) of rat 117 showing hyaline 
casts in tubules. Hematonylin-triosin. x 300 


cial fox chow. These degenerative changes 
resemble those described in skeletal muscle 
under the name of Zenker’s waxy degenera 
tion,’* which may occur in typhoid fever, 
tetanus, pneumonia, and other infections 
Wells!” states that Zenker’s waxy degenera 
tion in skeletal] muscle is due to an increased 
accumulation of acid by a defective oxyyen 
supply This condition was produced in 
muscle fibers by the application of a weak 
solution of lactic acid and by the excessive 
stimulation of muscles Under these con 
ditions, the acid accumulated faster than 
it was removed. Since the lactic acid in 
the tissues increases with the increased 
pyruvic acid concentrat.on in thiamine-de- 
ficient animals,”" *' it appears that degen- 
erative changes in the skeletal muscle, as 
illustrated in figures 9 and 10, may have 
been caused by an increased acid concen- 
tration in the tissues. Runnells'’ states 
that calcification may accompany hyalini- 
vation where necrotic areas are being en- 
capsulated (fig. 10). 
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The myelin sheath degeneration which 
was observed in the rats receiving an ade- 
quate amount of thiamine (groups E and 
F) suggests that a lack of thiamine may 
not be the cause of myelin sheath degenera- 
tion. Engel and Phillips'' found that mye- 
lin sheath degeneration was seldom ob- 
served in a rat on a thiamine-deficient, but 
otherwise adequate, diet. The same inves- 
tigators'® demonstrated that riboflavin was 
necessary in the chick diet to prevent mye- 
lin from degenerating. Publications by 
Sutton and coworkers? and Setterfield and 
Sutton’ suggest vitamin A deficiency as 
the causative factor in producing myelin 
sheath degeneration. Eveleth and Biester'? 
concluded that neither vitamin A nor the B- 
complex was responsible for the myelin 
sheath degeneration in the spinal cords and 
peripheral nerves of swine. 

The number of factors stated in the liter- 
ature review as causing myelin sheath de- 
generation leads one to believe that the 
diets used in these experiments may not 
have been as complete as originally be- 
lieved when the experiments were run. It 
is true that satisfactory growth responses 
have been obtained in animals receiving 
purified diets, but growth cannot be con- 
sidered as the only criterion in evaluating 
the completeness of such diets. Histopatho- 
logic changes must be considered as they 
have been shown to vary with the diet. 
Some diets are designed for short term 
experiments, and pathologic changes are, 
therefore, more likely to occur if the ex- 
periment is prolonged. With the recent 
advances in nutrition and the discovery of 
new nutritional factors, it appears that 
some of the histopathologic changes occur- 
ring in the various experimental animals 
may be corrected simply by feeding more 
complete diets, 


SUMMARY AND CONCLUSIONS 


1) The o-aminobenzyl analogue of thia- 
mine, 
droxyethylthiazolium chloride hydrochlo- 
ride, did not produce additional histopatho- 
logic changes when 1 mg. was given daily 
to rats receiving the thiamine-free diet and 
to rats receiving 5 ug. of thiamine daily in 
addition to the thiamine-free basal diet. 

2) The etiology of myelin sheath degen- 
eration is not limited to thiamine deficiency, 
as the myelin sheaths from rats receiving 
an adequate amount of thiamine showed 
degeneration. 

3) The findings observed by the Marchi 
method of staining checked closely with the 
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polarized light and with the hematoxylin- 
triosin staining method 

4) Animals receiving a purified basal 
diet may show histopathologic changes 
even when growth has occurred at an ap- 
parent normal rate. 
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IN SEARCHING for effective chemotherapeu- 
tic agents for the control of histomoniasis 
enterohepatitis) in turkeys, one is imme- 
diately presented with the problem of find- 
ing a method of reproducing the disease 
which is satisfactory for screening and test- 
ing drugs. Choice of a particular method 
depends, to a great extent, on several fac- 
tors. First, it depends on how rapidly one 
wishes to screen drugs; second, it depends 
on the facilities and the availability of 
poults. Time is also an important factor in 
screening drugs, due to the seasonal occur- 
rence of histomoniasis and also the seasonal 
availability of poults. 

Methods available at one’s disposal are: 
first, exposure of the birds to an infected 
range. This is cumbersome, slow, and very 
difficult to control. Another method con- 
sists of feeding infected Heterakis ova, a 
technique which is desirable from the stand- 
point of reproducing the disease in its 
natural form. However, it may not always 
produce a high mortality and is more apt to 
have a variable period of incubation. These 
factors may, in some instances, be desirable, 
depending entirely on circumstances. The 
most serious handicap to this method is the 
difficulty in securing sufficient numbers of 
the infected ova for large scale screening 
trials. 

A very desirable method consists of arti- 
ficial cultivation of histomonads, as prac- 
ticed by DeVolt,' with subsequent inocula- 
tion of turkeys. The merits of this method 
are many, viz., no interfering organisms, 
controlled amount of inoculum, and repro- 
ducible results. The only disadvantage is 
the difficulty of culturing the organisms in 
sufficient numbers for large scale experi- 
ments and, possibly, maintaining the viru- 
lence of a culture. 

The rectal injection method developed for 
these studies was used because of expe- 
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rience with the technique, the relatively 
high percentage of mortality obtained, the 
speed with which the work could be con- 
ducted, and the similarity of the experi- 
mentally produced disease with the natural- 
ly occurring condition. Another marked 
advantage is the ready availability of the 
inoculum once the infection is started. An 
objection against this method, however, is 
the ‘difficulty in controlling the dosage, a 
fact which may cause a drug to be under- 
valued in some instances, due to an ex- 
cessively dense population of organisms in 
the inoculum. Another disadvantage is that 
the culture must be maintained by serial 
passage through poults. 

The basic idea of the rectal injection 
method is not new, since it has been used by 
Tyzzer and Fabyan,? Tyzzer and Collier,* 
Delaplane,* and others. Delaplane was able 
to obtain a mortality of 84 per cent, but 
none of the investigators attempted large 
scale experiments, 


METHOD 


The technique of preparing the inoculum for 


Fig. |—Liver of turkey seven days after inoculation. 
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the rectal injection consisted of obtaining drug at varying periods of time and for vary- 


livers from poults recently dead or destroyed ng lengths of time The poults were weighed 


at the height of the disease These livers were at the beginning and at the end « f ar experi- 
immediately thinly sliced with a knife and then ment 
pressed through a fine screen (16 meshes to When erit experiments were carried out, i 


the neh) The resulting material wa then feed consumption wa neasured, birds weighed 
every other da and ymptoms ich as yellow 
droppings, were noted. To gain further it 
formation on a critical study, four groups of 
Hhirds were user a treated infected, 
treated uninfected iitreated infected cor 


trels. and untreated uninfected centrols 


In the preliminary trials on a drug, only at 


intreated infected control group was used, 


ince drug activity could be just as accurately 
detected, and additional g¢ ips were added 
provided the drug warranted such a procedure a 


vas adopted as a measure of 


dead birds were auto ed and carefully 


cted for se i dextrose agat 


from the liver 


iltured routine wet smears were 


made from the cecum for nicroscopr iden 


Cecal lesions 


were also noted and recorded 


Since the immunity obtained by a turkey 


Fiq. 2—Liver of turkey twelve day, after inoculation 


luted, with salin beef extract broth, 


; to a consistency thin enough for niection with 


4 a syring¢ 
The syringe used for injection Was an ordi 
: nary 50-cc. size, with a rubber tube attached 
The tube was cut everal inches rom the 


and a volume 


posed This arrangemert illowed measure 
ment of the inoculum, without drawing any 
into the barrel of the vringe and thus caus 


ing the plunger to stiel The length and dian 
eter of the tube could be varied a vill depend 
ing on the size of the turkey to be injected. The 
liver incculum was injected immediately after 
preparation 

The injections were made by 1 person sus 


pending the bird by the legs and another ope 


ator inserting the rubber hose into the rectun 

to the thoceeal junctior where 5 ce, of the 

material was slowly discharged At this point 

care must be exercised to avoid rupturing the 

gut, with a fatal peritonitis resulting Five 

cubic centimeters of the liver material was 

jected into each bird regardless of size Fig. 3—Liver seven days after inoculation. Note 
The plan for th ise of this method was to histomonad dividing in right center portion of picture 
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as a precaution against concurrent infection. 
Aa Occasionally, the heart and spleen were like- 
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Fig. 4—Liver lesion beginning to heal. x 260 . 
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fresh, hemorrhagic lesions in the liver. It 
would be logical to assume that of in- 
oculum, made from livers with many heal- 
ing lesions, would contain fewer organisms 
than a liver composed of active le- 
sions, such as shown in figure | and micro- 
scopically in figure 3 

Figure 3 is a photomicrograph of the 
liver of a turkey which died on the seventh 
day after inoculation. The picture is repre- 
sentative of practically the entire liver. The 
liver cords are broken and disrupted with 
numerous histomonads dispersed through- 
out. The organisms are distinguished by a 
dark nucleus surrounded by a light halo. A 
histomonad can be dividing in the 
middle right portion of the photograph (se¢ 
arrow The small dark cells in the upper 
right hand corner are erythrocytes. Micro- 
examination of liver from 
birds dying in twelve days or longer shows 
more necrotic tissue located in foci, and the 
organisms tend to take a more acid stain, 
which agree with Tyzzer's findings 
Younger organisms appear to take the basic 
stains more readily. These findings tend to 
support the belief that recent, acute lesions 
contain large numbers of young, rapidly 
multiplying organisms and may be a factor 
in causing high mortalities as well as in 
creased pathogenicity 

A practical analogy of this s:cuation was 
observed when the livers of relatively aviru- 
lent field cases were brought to the labora- 
tory and serially passaged. On the first 
passage, the poults usually died about the 
fifteenth day. The second passage killed the 


recent 


seen 


scope tissues 
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poults in about twelve days, and the third 
passage in eight days. In contrast, a poult, 
secured from a flock suffering heavy losses 
in young birds, may produce a culture 
capable of killing in eight days on the first 
passage. A glance at table 1 shows how 
serial passage tends to increase the concen- 
tration of the organisms in the liver or to 
increase the pathogenicity of a given vol- 
ume of macerated liver used for inoculation. 
There is a possibility, then, based on the 
above observations, that the higher mortali- 
ties and shorter incubation periods may 
have been due to increased numbers of or- 
ganisms per unit as well as the increased 
virulence with serial passage. 

It was noted that poults surviving an ex- 
periment recovered rapidly, even though 
they had shown rapid weight loss and vellow 
droppings. Some of these birds were autop- 
sied eighteen to twenty-three days after in- 
oculation and the livers examined both 
gxrossly and microscopically. At this time, 
the lesions were healing rapidly, many of 
the smaller ones only visible as a dimple on 
the surface. Microscopically, those lesions 
appeared as foci of lymphocytes fig. 
1) surrounded by regenerating liver cells. 
Besides the lymphocytes, the lesions con- 
tained a few liver cells, macrophages, and 
cellular débris 

Figure 5 shows the same type lesions, 
which have progressed further in the heal- 
ing process. The healed area is composed of 
a few lymphocytes and young liver cells. 
The light area in the regenerated area is an 
artifact. Note the faint line running di- 
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TABLE !—Summary of Mortality of Infected Untreated Controls 


No. Per 
Exp. 


AV. 
Wts. 


No. Serial 


Passoges 678 


Days After Inoculation 


9 10 12 12 13 14 16 16 17 |Mortalit 
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ren 


1 3 2 
5 
i 


1 1540 65 
1 § 2 1 65 
1640 = 2 85 
1790 3 2 30 
7 980 2 2 65 
8 1330 2 90 
10 650 3 1 100 
11 3 100 
12 1685 2 1 100 7 
13 1829 a 95 
1s 1896 1 100 
15 1661 1 100 
1? 10 1§90/1 1 1 100 
18 10 1650 1 100 
19 7 1790 2 100 
20 7 1830/1 2 100 | 
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agonally through the picture, which demar- area destroyed by histomonads until it re- 

cates the regenerated liver tissue from the sembles that shown in figure 5. 

normal. As the process of regeneration pro- The entire process of liver destruction, 

ceeds, liver cells progressively replace the ‘including invasion, necrosis, healing, and 
regeneration appears to proceed at a very 
rapid rate in experimentally produced his- 
tomonlasis 


SUMMARY 

1) A method for producing histomonia- 
sis is presented, which involves the rectal 
injection of minced liver tissue from in- 
fected poults 

2) The procedure provides a rapid, satis- 
factory means for screening and testing 
drugs against histomoniasis. 

3) The higher mortality and shorter in- 
cubation period, resulting from serial pass- 
age of the culture, may be due to greater 
concentration of the histomonads, as well 
as increased virulence 

4) Liver lesions of turkeys recovering 
from the experimental disease regenerate 
very rapidly and without fibrosis. 
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THIS PAPER is a brief presentation of the 
observations and results obtained in the ex- 
perimental chemotherapy of histomoniasis 
of turkeys 

The chemotherapy of protozoan diseases 
has involved many classes and types of com- 
pounds. From this wide variety of agents, 
only a relatively few groups of compounds 
are practical in treating the various mal 
adies caused by protozoan infections. The 
turkey industry is still without the benefit 
of any good therapeutic agent to combat 
histomontasis 

Some of the drugs used in this study were 
chosen because of their effectiveness in 
treating certain conditions in man and ani 
mals, e.g., arsenicals in trypanosomiasis 
Others were chosen because of previous re 
ports of their use in histomoniasis. Pos- 
sibly, the only exception was sodium fluoride 
which was yviven a trial more or less as a 
matter of chance 

Space does not permit a detailed discus 
sion of the projected mechanism of action 
of the drugs affecting protozoan organisms, 
or of the handicaps which face advances in 
protozoan chemotherapy. One might men 
tion specifically, concerning the therapy of 
histomoniasis, the lack of knowledye in 
volving the physiology of Histomonas mel 
eagridis and concerning host-parasite rela 
tionship. At present, the necessity of finding 
better agents to treat diseases increases 
the proclivity to continue the use of trial 
and error methods. As a result, most pres 
ent-dav investigations consist of screening 
procedures 


Metriop Usep in DETERMINING Dosk oF DRUG 


The selection of a dosing hedule for the 
drugs Was a matter of considerable importance 
Very little was known about the lerance ir 
turkey to the chemotherapeutic agents used 
the ‘ tu 
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To avoid difficulty in interpreting results, it 


was thought best to arrive first at what was 


thought to be a nearly maximum tolerated 
dose, which would be used in therapy trials, 
rather than to give varying doses. The thought 
was to administer a dose just below the toxic 
level as determined in normal poults. It was 
hoped this procedure would, in most instances, 
give the drug the best opportunity to show 
protozoacidal activity If the drug showed 
activity, the dose was to be reduced and tried 
again. 

To arrive at what was thought to be a maxi 
mum tolerated level, a wide range of doses was 
given to poults (table la). The procedure was 
repeated, using levels above and below the 
apparent minimum level shown in the first 
trial, In the second trial, more poults were 
used in each group for greater accuracy 

Regardless of whether the drugs were to be 
administered orally or parenterally, all were 
run through this procedure with the exception 
of the sulfonamides, iodine vermicide, and vio 
form. All birds dying from the'effect of the 


drug were. autopsied, 


and gross and micro- 
scopic changes in the tissues were recorded 
In the therapy trials, all poults were infected 


by use of the rectal injection method as de 


scribed previously 


EXPERIMENTS, OBSERVATIONS, AND RESULTS 


In carrying out the following experiments 
interest wa centered primarily around 
whether or not a dt ig wa effective iy the 
treatment of histomonia To meusure this 
activity, mortality was considered the best 
criterion Since the chemotherapy of his 
tomoniasis is principally an “all or none” 
proposition, it was felt other criteria furnished 
information of lesser importance In the early 
part of the therapy trials, not all birds were 
weighed at the termination of an experiment. 
This procedure was followed because most of 
the experiment were designed merely as 
creening procedure and wer t 


tryparsamide Was 


used intravenously at 1.25 Gm. per kilogram 
The drug Was administered to five lots of 10 
birds each as follows: on the day of infection 
and on the second, fourth, sixth, and eieht} 
days, respectively Fach lot of birds was fur 
ther divided, one lot receiving a single dose 


the other receiving a dose every other day for 


« } 
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a total of three doses. By arranging the dos 
ing schedule in this manner, efficacy of repeated 
dosing and early therapy could be evaluated 
The experiment was repeated, except that 12 
lot were used instead of 10 and a 


birds per 
The results 


total of four lots instead of five 
of these two experiments are summarized in 
table 1. 

The mortality 
ceiving the drug 
fection These 
the experience of others, in treating this dis 
ease, has shown that late therapy appears to 
be of little The mortality in the un 


was lower in the groups re 
the first few days after in- 


results were expected, since 


value 


TABLE —Summary of Experiments |! 


treated infected control groups was 65 and 80 


cent, respectively, with an average of 75 


per 
The higher mortality in controls in 


experiment was thought to be due 


per ¢ ent 
the 


to increased virulence of the inoculum 


Secor d 

The results of the two experiments seem to 
indicate that late therapy is of little value and 
also that multiple doses are more effective than 
This is graphically demonstrated in 
and 2. Further, the results indicate 
three 


singie 
fyrures 1 
that if the drug is given within the first 
days after infection, some therapeutic activity 
is showr This will be clearly demonstrated 
in experiments to be des¢ ribed later. 
The drugs summarized in table 3 
in the same manner as those in table 1. 


used 
Since 


were 
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little or no therapeutic effect was demon 
strated, further trials were thought unneces 
sary. The immune blood, noted in table 3, was 
obtained from turkeys which had recovered 
from histomoniasis and then withstood 81x 
challenging injections of infective liver, given 
three apart. Ten cubic centi- 
meters of the blood were the 
infection and on the following day 
The mortality was 100 per cent, which indi 
cates, rather clearly, that humoral antibodies 
in recovered turkeys were not present in high 
not effective in pre 


about weeks 


whole given on 


day of 


coneentration or were 


venting the disease 


and 2 Using Tryparsamide | 25 Grams per Kilogram 


orally 
other 


(table 4) were all given 
had tried previously 
routes of administration 

The therapy 
cussed 


of the 


known 


The drugs 


Some beer using 


will be dis 


since, in 


oral procedures 
experiments, 


activity 


according to 


most trials, drugs whose was 


were used. Comparisons may be made 


more accurately since the mortality among the 


controls varied from one experiment to an 


other 
vironmental 
somewhat 


weight and er 


altered re 


also, such factors as 
conditions may have 
Emphasis in the 


drugs as 


discussion 


be placed on such stovarsol 


(acetarsone) and tryparsamide because of their 
therapeutic activity, and also because of their 


use in most of the trials 


TABLE | a—Preliminary Tryparsemide Toxicity Trial 
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Sulfaquinoxaline, sulfamethazine, and iodine 
vermicide (see table 4, experiment 3) were not 
impressive in preventing deaths. Contrary to 
the usual findings, the turkeys receiving the 
sulfonamides early suffered a greater mor- 
tality than did those medicated on the second 
day after infection. However, this is not sur- 
prising, deaths did not until the 
tenth day after infection either in treated or 
untreated groups 

The turkeys receiving iodine vermicide were 
given ' oz. orally every other day for a total 
of eight addition, the birds were 
given 1 pt. of iodinated milk (1 oz. of diluted 
iodine per pint) the drinking water. 
This amount furnished 70 mg. of iodine daily 
in addition to the 250 mg 


since oceur 


doses. In 
daily in 


given orally every 


Ne ‘ 
Ni Ave wrt at three 
bird ‘ k inte 
1.0 
1 
1671 2 


other day. At the termination of the experi- 
ment, the survivors were in poor physical con- 
dition, shaggy in appearance, and with poor 
appetites. Contrary to the usual occurrence 
after infection, the turkeys were slow in re- 
gaining the appearance of normal birds. 

The results in experiment 4 indicate sul- 
faquinoxaline may have a slight toxic effect 
based on comparison with the mortality in 
the control group. However, these results 


TABLE 3—Summary of Results of Drugs Which Showed 
Little or No Therapeutic Value 
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TAB E 2—Final Tryparsamide Toxicity Trial 
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may be due to chance and could only be 
evaluated with repeated trials, involving 
larger numbers of birds. Compared with sul- 
faquinoxaline, stovarsol afforded 60 per cent 
greater protection, but the rather low mor- 
tality in the control group on a single trial 
makes such a conclusion hazardous. 

The importance of repeating identical 
experiments can not be overemphasized, if 
one is to obtain reliable information. This 
is clearly shown when the results of the 
stovarsol-treated birds of experiments 4 
and 5 are compared. There were 10 poults 
in each group. The same drug level in the 
feed and the same schedules were employed, 
yet the mortalities were 30 per cent and 
zero, respectively. 


A\ 
cme galt 
day Tox la 
vals ymptom- Mortalit (Gm) 
None 4 
N ‘ 


In experiment 6, the results obtained 
were more in accord with later trials. The 
groups treated with stovarsol and trypar- 
samide resulted in mortalities of 30 and 10 
per cent, respectively. Autopsy of the dead 
birds revealed grossly normal cecums, indi- 
cating the drug was effective in preventing 
infection of the intestinal tract. The cecums 
of the infected untreated controls were all 
grossly affected. Likewise, the cecums of 
the sulfaguanidine- and  streptomycin- 
treated birds were similarly involved. The 
survivors were weighed twenty-three days 
after infection, all showing, in general, nor- 
mal weight gains 

The results in experiment 10 are different 
from any observed in the earlier trials in 
that all groups suffered high mortality, but 
the cecums of the treated birds were grossly 
negative, 67 and 30 per cent, respectively, 
as compared with 100 per cent affected in 
the control group. Further indication of 
drug activity is shown by deaths resulting 
two days earlier in the untreated birds. 

These high mortalities may be the result 
of two factors: (a) The birds were lighter 
in weight than in most previous experi- 
ments, and (b) the culture was passed the 
fourth time. It was reported in a previous 
paper! that, in general, a culture after three 
seria] passages reaches its maximum viru- 
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lence. In addition, young turkeys are known 
to be more susceptible to histomoniasis 

To repeat in part experiment 10, experi- 
ment 11 was started using the same con- 
centration of stovarsol (0.75% ), with medi- 
cation begun two davs before infection and 


Fig. | and 2—Comparison of single versus multiple 
infections and early versus late therapy using tryparsa 


mide (1.25 Gm./tg_) 


maintained two days longer than in the 
previous trial. In addition, the following 
vitamins were added to the feed: nicotinic 
acid, pyridoxine, biotin, and folic acid. The 
amounts used were ten times the quantity 
prescribed for chicks by the subcommittee 
on poultry nutrition. In the experiment, the 
actual amounts were given per pound of 
feed: nicotinie acid, 80 mg.; pyridoxine, 16 
mg.; biotin, 0.45 mg.; and folic acid, 9 mg 

The vitamins and stovarsol, each alone 
and together, were given to separate groups 
of birds. The mortality in the birds on 
stovarsol and stovarsol plus vitamins was 
11 and 10 per cent, respectively, as com 
pared to 100 per cent deaths in the control 
group. The mortality in the vitamin-treated 
group was 67 per cent, which indicates a 
possible benefit. Also included in this ex- 
periment was a group on 1 per cent vioform 
The 100 per cent livability obtained on this 
drug in this trial shows very clearly the 
necessity for repeating experiments, as will 
be shown in experiments 12 and 14. 

The results in experiment 12 were more 
conclusive in that 20 turkeys were used per 
group. Normal drug and normal control 
groups were also included. The weight 
gains in all control groups were not sig- 
nificantly different, and all birds were in 
good physical condition at the end of twen 
ty-three days. Feed and water consumption 
were measured both in the infected and un 
infected groups. All turkeys were weighed 
every other day and checked for symptoms 
of histomoniasis. 

The results of these measurements indi- 
cated that birds ill with the disease, when 
on a drug such as stovarsol, lost weight and 
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dropped off on feed consumption for several 
days, then recovered, and gained weight 
rapidly. The period of weight loss was not 
identical for all birds and, in general, was 
from the seventh to the ninth day after in- 
fection when the culture used for inocula- 
tion had been passed at least three times 
Yellow droppings were most prevalent dur- 
ing this period. When the average weight 
of infected treated birds was plotted (see 
fig. 3), the curve was either less steep for 
a few days or, in general, did not show the 
gradual increase of the normal or unin- 
fected groups. (The curves shown in fig. 3 
were not taken from experiment 12 but, 
in general, are representative 

Comparison of a normal growth curve 
with that representing infected birds does 
not show a true representation of both 
groups. The curve representing the in 
fected control group levels off and drops 
rapidly as the birds lose weight and die, 
while the curve of the infected treated 
group indicates that some, or perhaps all, 
of the birds failed to gain weight some 
where during the period of a week, depend- 
ing on the effectiveness of the drug. Ac- 
tually, a part of the birds made normal 
weight gains while others either died or 
were very ill. The masking of the sick 
birds by the protected birds can not be 
shown advantageously in a graph such as 
figure 3. 

Another cause of the difficulty in pre 
senting the true picture is that the poults 
did not all become ill and lose weight on the 


Fig. 3—Experiment 14. Weight comparisons during in 
fection and treatment with stovarsol 


sume day. Since the period of weight loss 
was usually two to four days, some of the 
birds were past this period before others 
started. The infected control curve in figure 
3 is more representative of what may hap- 
pen to the affected birds in a group on 
treatment. An analogy is seen in the birds 
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dying as early as the fifth day or as late 
as the twelfth day. 

In a comparison of the three drugs use 
in experiment 12 (stovarsol, tryparsamide, 
and vioform:, the arsenicals were mort 
effective in preventing involvement of the 
cecums. The birds in the vioform-treated 
group had lesions in 8 per cent of the right 
cecums, while those on the arsenicals were 
negative. In general, the degree of cecal 
involvement seemed to indicate the degree 
of protozoacidal activity of the drug in the 
gut. However, all birds dying of histo- 
moniasis in these trials had marked liver 
lesions regardless of cecal damage. This 
fact seems to indicate early penetration of 
the cecal wall by Histomonas organisms 
with subsequent multiplication in the liver. 

In a previous experiment, in which try- 
parsamide was administered, intravenously, 
greater protection was afforded w hen given 
early than when given late. It seemed de- 
sirable, therefore, to try early and late oral 
therapy with a drug known to possess some 
activity against the disease. 

In experiment 13, stovarsol was given at 
a 0.75 per cent level in the feed to one group 
beginning two days before infection and to 
another group beginning three days after 
infection. All the birds in the last group 
were dead twelve days after infection, 
while only 25 per cent of the birds receiv- 
ing the drug early died. Correspondingly, 
100 per cent of those on early therapy had 
no cecal lesions and the late group was all 
diseased, as was the control group. 

Sulfaquinoxaline was also included in this 
experiment at the low level of 0.054 per cent 
for twelve days, beginning two days prior 
to infection. The degree of cecal involve- 
ment and the 70 per cent mortality indi- 
cate some therapeutic value 

Since the preceding experiments afforded, 
to some extent, general information on the 
behavior of stovarsol and tryparsamide, it 
was desirable to examine one drug more 
critically. This would afford a good oppor- 
tunity to try drugs of unknown activity by 
comparison with a drug of known activity. 

The results of previous experiments had 
shown that late therapy was of little value 
If one drug were to be studied further, the 
next logical procedure was administration 
of different concentrations in the feed. For 
this work, stovarsol was selected and given 
to groups of 20 birds each at levels of 0.30 
and 1.25 per cent for ten days, beginning 
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two days prior to infection. Vioform* was 
included in this trial for further evaluation, 
since DeVolt® obtained encouraging results 
trom its use. 

Both levels of stovarsol resulted in 5 per 
cent mortality and all cecums were nega- 
tive. The group on 0.3 per cent appeared 
much brighter during the-experiment than 
did the group on 1.25 per cent stovarsol. 
Also, yellow droppings were less frequent. 
The growth curves, except for vioform, for 
this experiment are shown in figure 3, but 
ayain the true picture is difficult to show 
graphically. The 1.25 per cent drug control 
birds showed an increased weight from the 
seventh to the ninth day; then the weights 
showed a tendency to level off. This rather 
sharp increase in weight may have been 
due to a tonic effect of the arsenical. 

The vioform-treated poults during this 
trial were shaggy in appearance and nu- 
merous yellow droppings appeared. The 
mortality was 45 per cent. However, the 
average individual weight gains of the sur- 
vivors did not indicate these conditions. 

The results of experiment 14 indicate no 
better protection would be afforded by high- 
er concentrations of stovarsol, since the 
same results were obtained at 0.3 and 1.25 
per cent levels. If the upper limits were 
reached, it then seemed desirable to find the 
minimum effective level. To obtain this in- 
formation, levels of 0.1, 0.2, 0.3, and 0.75 
per cent were chosen. All medications were 
extended over a five-day period, except a 
second group on 0.1 per cent which was 
maintained ten days. This was done to 
study any beneficial effect over a longer 
period. The 0.75 per cent level was included 
since the effects of this concentration were 
better understood from previous trials. 

The results seem to indicate that the min- 
imum effective level was not reached at 0.1 
per cent. There were no marked differences 
in mortality, although the group on 0.75 
per cent appeared in much better condition 
during the trial, with average individual 
weight gains appreciably better. 

The birds in this experiment were inocu- 
lated with what was believed to be a very 
virulent or dense culture. In other words, 
the control group might have shown a 100 
per cent mortality with a smaller inoculum. 
This belief is based on the behavior of the 
birds receiving 0.75 per cent stovarsol. In 
general, this concentration of drug afforded 
greater protection in previous trials than 
was observed in this experiment. The dura- 
tion of medication after infection does not 
seem to be a prime factor, but rather, early 
medication. 

Immunity Studies 
the drug trials, information was 
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which indicated medicated turkeys, surviving 
an experiment, were not immune. To deter- 
mine if this were true, several systematic ex- 
periments were designed to obtain informa- 
tion on the problem of immunity, in addition to 
the findings of Tyzzer This investigator ob- 
tained variable periods of immunity by the use 
of artificially cultured Histomonas organisms. 
Also, turkeys subjected to constant exposure, 
developed immunity 

The survivors of an experiment were divided 
into two equal groups, as nearly alike as pos- 
Each group then contained the same 
number of birds which had lost weight or 
showed symptoms during a therapy trial. The 
plan was to challenge one group and autopsy 
the other. By autopsying one group, infor- 
mation could be obtained, on a comparative 
basis, as to the severity of lesions produced in 
the challenged group. 

The results of experiments 19 and 20 
(see table 5) seem to indicate that little 
immunity was obtained from the disease 
when the birds were medicated with the 
drugs studied. The data presented are too 
limited to draw definite conclusions, but 
they do indicate very little immunity is pro- 
duced even in survivor birds of groups 
showing high mortality. Vioform in experi- 
ment 18 prevented any mortalities, while 
the sulfaquinoxaline group in experiment 
1) suffered a 70 per cent loss; the mor- 
talities from the challenging inoculations 
were similar Of the total number of 
recovered turkeys challenged, 50 per cent 
showed weight loss on the previous experi 
ment. The mortality in this same group 
after challenging was 72 per cent as com- 
pared to 100 per cent in the infected con 
trols. (The control birds in the challenging 
experiments were known to be susceptible 
poults. 

At autopsy, the results (see table 6) re- 
veal that not all birds losing weight or 
showing symptoms have cecal or liver le- 
sions. The birds were autopsied eighteen to 
twenty-three days after infection, the le- 
sions found were healing rapidly. There is 
little doubt that some of the smaller lesions 
had already healed and were not grossly 
visible at the time of autopsy. At autopsy 
of 42 poults, 23 showed previous weight 
loss. Of the 23 showing previous weight 
loss, 19 (84%) had gross liver lesions 
visible at autopsy 


sible. 


CONCLUSIONS 


To properly evaluate a drug, the repeti- 
tion of an experiment is of the utmost im- 
portance. Even at best, in any biologic 
study, exact repetition of all conditions is 
difficult. For example, age and weight, 
rapid and sudden temperature and weather 
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changes are important factors which need 
to be controlled or obviated in maintaining 
standard conditions. 

A satisfactory explanation of the results 
obtained in experiments 4, 5, and 10 is dif- 
ficult. The high protection afforded by 
stovarsol in experiment 5 may have been 
due to chance; otherwise, the results should 
compare closely with those obtained in ex- 
periment 4. The high mortality obtained 
in experiment 10, in the use of 0.75 per cent 
stovarsol and tryparsamide, offers more 
opportunity for an explanation. First, the 
birds were much lighter in weight, and 
second, control mortality was higher than 
in experiments 4 and 5. These factors are 
believed more important than the difference 
in drug concentration and duration of medi- 
cation in these experiments 

The value of early medication was dem- 
onstrated in figure 1 and substantiated in 
experiment 13. This finding indicates that 
the flagellated form of the causative organ- 
ism is more sensitive to therapy than the 
ameboid form found in the tissues and or 
the variation is due to drug concentration 
in the different tissues affected 

The slight degree of cecal damage ob- 
served in medicated groups having low mor- 
tality, as compared to marked involvement 
in the control groups showing high mor- 
tality, is believed to be a consistent measure 
of drug activity. No explanation is offered 
as to why the left cecum is involved more 
frequently than the right. Regardless of 
the amount of cecal involvement present, 
the life of the turkey apparently depends, 
to a great extent, on the degree of liver 
damage 

The information obtained by challenging 
recovered turkeys demonstrated rather con- 
chasively that little immunity was obtained 
from experimental infection, if the birds 
recovered as a result of drug therapy. If 
any immunity at all is to be acquired, a 
turkey must be markedly ill, almost to the 
point of death, and then recover. Such 
birds were found to be immune when re- 
peated injections of inoculum were given 
several weeks apart. The belief that this 
protection, when present, is due to local 
tissue immunity rather than humoral is 
based on the failure of immune blood to 
protect susceptible turkeys 

Stovarsol, tryparsamide, vioform, 
in that order, appear to be effective in re- 
ducing mortalities due to histomoniasis. 
Sulfaquinoxaline and iodine vermicide af- 
forded slight protection. Sulfamerazine, 
sulfaguanidine, and streptomycin, anthio- 
maline, dimidium bromide, pentamidine, so- 
dium fluoride, Eagle’s compound, and neo- 
arsphenamine did not appear to show any 
therapeutic value by the method used. 
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The challenging of medicated survivors 
of an experiment resulted in death of 72 
per cent. Fifty per cent of these birds 
showed weight loss in a previous experl- 
ment. Autopsy of survivor birds showed 84 
per cent of those that lost weight had heal- 
ing liver lesions twenty days after infec- 
tion. 

Application of these observations and re- 
sults of these studies to field conditions Is 
a matter of practical importance. Since the 
method described here was designed pri- 
marily for use as a screening procedure for 
testing drugs against experimentally pro- 
duced histomoniasis, the next logical step 
is to attempt therapy under field conditions 

Under field conditions, the avenue of tn- 
fection is the mouth and with supposedly 
fewer organisms involved, as compared w ith 
the numbers given rectally in expe rimental 
inoculation. Theoretically, these large num 
bers of organisms and the ensuing rapid 
course of the disease afford a greater test 
for the drug. However, under field condi- 
tions, it is possible that a bird may be sub- 
jected to repeated daily doses of the infec- 
tive organisms. In the single massive dose, 
a drug may be given at the desired time, 
whereas repeated light dosage obtained in 
the field might constant medi- 
cation, at least during the period of ex- 
posure. 


necessitate 


SUMMARY 


l A method for determining the dose 
of a drug for use in the therapy of experi- 
mentally produced histomoniasis Is pre- 


sented 


129 


2) The rectal injection of infected, 
minced liver is believed to be a satisfactory 
method of reproducing histomoniasis The 
results of this method indicate the de- 
sirabilitvy of passing the culture serially at 
least three times to obtain more uniform 
mortality in control groups 

3) The ineffectiveness of late therapy 1s 
clearly demonstrated by the use of tryparsa- 
mide and stovarsol 

4) The variations observed in these 
studies suggest rather strongly the de- 
sirability of repeating an experiment at 
least three times before reaching any def 
inite cone concerning Histomonas 
activity 

5) Ceecal 


lusions 
involvement may be regarded 
as a measure o* drug activity 

6) Whole blood from solidly immune 
turkeys failed to protect suse »ptible poults 

7) Da‘a are presented which indicate 
very little immunity is developed by in- 
fected treated turkeys 

8) The desirability of applying the re- 
sults of these studies to field conditions is 
evident 
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IN VIEW OF the incomplete data concerning 
the effect of sulfaguanidine upon the life 
cycle of Eimeria tenella, the objectives of 
the present study were: (1) to determine, 
histologically, the extent of the infection in 
the cecums of treated and untreated chick- 
ens, and (2) to ascertain the stage of life 
cycle, which was affected by the drug. 


LITERATURE CITED 


Although the coccidiostatic action of certain 
of the sulfonamides has been clearly demon- 
strated, the stages in the life cycle of the 
parasite affected by sulfaguanidine are still 
indefinite. Levine,’ Farr and Allen,’ Horton 
Smith,’ and Alicata and Willet* have reported 
a decrease in output of coccidial odcysts fol- 
lowing treatment with sulfonamides of in- 
fected chickens and swine. Swales’ believed 
that the coccidiostatic properties of sulfamera- 
zine and sulfamethazine produced an inhibition 
of one or more stages in the life cycie of the 
parasite, probably as a consequence of a weak- 
ening or destruction of the motile merozoites 
before they penetrated other cells of the cecal 
epithelium, Recently, Farr and Wehr* demon- 
strated that sulfamethazine exerted a _ coc- 
cidiostatic and coccidiocidal action upon the 
schizonts of E. tenella in the cecal mucosa. 
Waletzky and Hughes,’ in their study on the 
relative merits of the sulfanilamides, concluded 
that the coccidiostatic action of the drugs was 
dependent upon their relatively high blood 
level, and they ascribed little importance to 
the drug concentration in the intestinal tract. 


MATERIALS AND METHODS 


All experimental chickens were single comb, 
white Leghorn males, obtained as day-old 
chicks. They were raised in battery brooders 
and fed on a nutritionally adequate all-mash 
ration. After inoculation with odcysts, the 
chickens were placed in wire-bottom metal 
cages in small, unconnected isolation rooms. 
Each room was equipped with metal cages, 
water, and feed cups, and a gown that was 
worn when the chickens were examined. After 
termination of each experiment, the room was 
thoroughly washed with hot water and the 
equipment was steam sterilized. These pre- 
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cautions have proved effective in avoiding ac- 
cidental infection among experimental chickens. 

The strain of E. tenella used in these ex- 
periments was originally isolated from a field 
case. Odcysts for experimental purposes were 
produced by infecting young, susceptible chick- 
ens with small numbers of sporulated odcysts. 
The feces were collected on the sixth to the 
tenth days, mixed with water, strained 
through gauze, and the odcysts concentrated 
by centrifugation. The concentrated odcysts 
were sporulated in 2.5 per cent potassium di- 
chromate solution and stored in the refrigera- 
tor. The number of odcysts per gram of feces 
of treated and untreated birds was determined 
by the method described by Beach.” The method 
is essentially an adaptation of the procedure 
for counting red blood cells employing a Rafter 
counting apparatus. 

The methods employed for determining the 
sulfaguanidine concentrations in the blood and 
cecums were described in a previous paper.” 

The technique used for the histologic studies 
of the cecums was as follows. Each chicken was 
killed by severing the spinal cord, and sections 
of the proximal, middie, and distal portions of 
each cecum were immediately removed. The 
tissues were fixed in Souza’s solution, dehy- 
drated in dioxane, embedded in paraffin, sec- 
tioned serially, and stained with Heidenhain’s 
iron hematoxylin. Mallory’s and Pollak’s 
polychromatic stains were also employed, but 
were not superior to the iron hematoxylin. 


EXPERIMENTAL PROCEDURE 


Two amounts of sulfaguanidine were admin- 
istered in the feed: A 2.0 per cent mash, be- 
cause of its pronounced coccidiostatic action, 
and a 0.5 per cent mash, because of incomplete 
arrest of the course of the disease as had been 
determined in other experiments. An infec- 
tive dose of 100,000 sporulated oédcysts was 
chosen because, in previous trials with this cul- 
ture, this number of odcysts had produced only 
a moderately severe form of the disease. 

In the first experiment, 36 chickens, 69-days 
old, were inoculated orally with EF. tenella. 
Immediately following inoculation, 18 chickens 
were placed upon a mash containing 2.0 per 
cent sulfaguanidine and 18 were left on the 
regular mash. Beginning forty-eight hours 
after the experiment was started, 2 chickens 
from each of the treated and untreated groups 
were sacrificed daily and the following proce- 
dure employed: (1) The symptons and au- 
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topsy findings were recorded; (2) the cecal 
contents were removed for determination of 
their sulfaguanidine concentration; (3) sec- 
tions of the cecums were taken for histologic 
study; and (4) beginning with the sixth day, 
determinations were made of the number of 
odcysts per gram of feces passed during a 24- 
hour period preceding the sacrifice of the bird 
Three uninoculated chickens, fed the regu 
lar mash, were held as controls. They were 
sacrificed on the tenth day, were autopsied, 
and sections were made of their cecums. 

The general procedure of the second experi 
ment did not differ from that of the first trial, 
except that the chickens were 55-days old and 
were fed a 0.5 per cent sulfaguanidine mash 


RESULTS AND DISCUSSION 


The results of these trials are shown in 
tables 1 and 2. The figures used in columns 
4 and 6 are comparisons of the extent of 
infection of the treated and corresponding 
untreated chickens which were sacrificed on 
the same day. They are not directly re- 
lated to the extent of infection on any other 
day. These comparisons were made on the 
basis of the number of parasitized cells seen 
and the extent of the pathology of the sur- 
rounding tissues. 

Symptoms and Autopsy Lesions.-The 
2.0 per cent sulfaguanidine mash exhibited 
an anticoccidial action so marked that no 
symptoms of coccidiosis were evident. Upon 
autopsy, only 1 (bird 7) of the 18 treated 
chickens showed a grayish white focal 
nodule about 1 mm. in diameter in one 
cecum, otherwise no gross lesions were 
present. No odcysts were recovered from 
the droppings of the treated group during 
the ten-day trial. The untreated chickens, 
on the other hand, showed typical symptoms 
of a moderate-to-severe form of the disease, 
beginning on the fifth day with a progres- 
sive improvement in the remaining birds by 
the eighth day. Severe gross lesions of cecal 
coccidiosis were found in the birds sacrificed 
on the fifth to ninth days. The 2 chickens 
killed on the tenth day of the experiment 
presented considerably milder lesions with 
some evidence of healing. 

When the 0.5 per cent sulfaguanidine 
mash was used, the treated chickens devel- 
oped clinical coccidiosis but in a milder 
form than observed in the corresponding 
untreated controls. The gross pathologi 
lesions in the treated chickens on autopsy 
simulated those found in the untreated 
birds. However, the number of petechiae 
and foci of coccidia were considerably 
smaller, and the hypertrophy of the walls 
and mucous membranes was less pro- 
nounced. 

No symptoms were observed in the 6 
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uninoculated control chickens. An autopsy 
and microscopic examination of the cecums 
showed no evidence of a coccidial infection 

Effect upon the Sporozoites.—Neither the 
2.0 per cent nor the 0.5 per cent sulfaguani- 
dine mash appeared to have a harmful effect 
on the sporozoites. This was shown by the 


Fig. |—Early developmental! stage of a first generation 
schizont with its characteristic granule in the epithelium 
of the cecum. Chicken sacrificed forty-eight hours fol 
lowing inoculation with 100,000 sporulated odcysts of 
Eimeria tenella and continuously fed a mash containing 
2.0 per cent sulfaquanidine. Fe hematoxylin. « 2300. 


fact that a sufficient number of sporozoites 
survived in the presence of the drug in the 
intestinal tract to invade the epithelium and 
produce nearly as many schizonts in the 
treated birds, during the second and third 
days, as developed in the untreated birds 
See tables 1 and 2.) Further development 
of the parasite was definitely retarded by 
the 2 per cent sulfaguanidine mash. Im- 
mature first generation schizonts in stages 
of early development, as shown in figure 1}, 
were found in the epithelial cells of all of 
the chickens treated with 2 per cent sulfa- 
guanidine mash. By contrast, the majority 
of the parasites continued their develop- 
ment in the chickens treated with 0.5 per 
cent sulfaguanidine mash (table 2). Among 
birds receiving the lower concentration of 
sulfaguanidine, it appeared that at least a 
few first generation schizonts were retarded 
in their development because such schizonts 
were found in the epithelium in the absence 
of other forms of the parasite in those birds 
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tenth day. 
sporozoites 


which were sacrificed on the 
Tyzzer'’’ observed that all the 
liberated in the intestinal tract do not pene- 
trate the epithelium simultaneously, and 
that the phase « of the life cycle of the 
parasite are not eloped at any 
given time. It is however, that 
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sufficient amounts to chickens inoculated 
with E. tenella, the disease could be con- 
trolled, but, following the withdrawal of the 
medicated mashes, bloody droppings re- 
appeared, and the oécyst output gradually 
increased 

Effect upon Schizogonuy 
apparently had a marked anticoccidial ac- 
tion upon the asexual phase of the life 
eycle. All of the chickens treated with 2.0 
per cent sulfaguanidine mash, which were 
sacrificed on the fourth to the tenth days 
after inoculation, showed relatively few 
parasites in the Microscopically, 
immature first generation schizonts were 
found in all of the chickens. No evidence 
of degeneration of the young trophozoites 
was found. Three chickens, namely, 1 killed 
on the fifth day and 2 killed on the seventh 
day (table 1), showed, in addition to the 
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Tissues 


Fig. 3—Intact cecal mucosa of a chicken eight days 

after inoculation with 100,000 sporulated odcysts of 

Eimeria tenella and continuously treated with a 2.0 per 

cent sulfaquanidine mash. Note absence of second gen- 

and gametocytes. Fe hematoxylin. 
x 135 


eration schizonts 


immature first generation schizonts, foci 
containing second generation schizonts in 
the lamina propria of the villi and inter- 
glandular Spaces hig 2 The second gen- 
eration schizonts evidence of 
degeneration The cytoplasm of the troph- 

lost its cellulaa detail, became 


showed 


ozoites 


Fig. 4—Glandular portion of @ cecum containing 
gametocytes and odcysts in control chicken on the 
eighth day following inoculation with 100,000 sporu 
lated odcysts of Eimeria tenella. Heidenhains Fe hema 


toxylin. « 350 


vacuolated, or condensed into a homogeneous 
mass containing a variable number of rela 
tively large, dark-staining granules The 
schizonts were surrounded by hyaline. The 
areas in which these degenerating schizonts 
were found were infiltrated with eosine 
phils and red blood cells, but the extent of 
the inflammatory response and the micro 
scopl lesions which were fo ind on autopsy 
were relativels insignificant when comp ired 
with the respective untreated controls, Sul 
faguanidine, yviven at the rate of 2.0 pet 
cent in the mash, suppressed the «ae velo] 
ment of some of the first generation s hi 
zonts, but a few schizonts were able to 
mature and liberate merozoites to form 
second generation schizonts The latter were 
destroved by the drug during their develop- 
ment in the tissues (fig. 2 

Infected chickens, given 0.5 per cent sul 
faguanidine mash, presented, microscope al 
ly, all stages of the life cycle of the parasite 
in the chickens sacrificed between the fourth 
and eighth days Although the sever 
the histopathologic response of the host to 


the parasite was considerably milder than 
in the untreated controls, no evidence of 
degeneration of the first and seco! d gen 


eration schizonts was seen, However, the 
chickens which were examined on the fourth 
and fifth days presented fewer second gen- 
eration schizonts than the corresponding 
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controls (table 2 In a previous exper! 
ment,'? as well as in the work reported by 
Farr and Allen, it was shown that the 
oocyst output Was considerably reduced 
when treatment © infected chickens Was 
delaved until the third, tourth, or fifth dave 
following inoculation. At that stage in the 
life cycle, the merozoite are being liber 


onts in great numbers 
ndicated that the 


ated from the schi 
These findings ft irther 


effect of 0.5 per cent sullaguaniadine mast 
is to weaken or deatrovy free merozoites 
thereby limiting the number of schizonts 
formed 

Effect npow the Gametocyutes The co« 
cidiostat ind coccidiocidal properties of 
sulfayuanidine upon the hizonts and mero 
zoites. which were liberated Trom surviving 
schizonts, precluded yametoyvony the 
chickens whict vere piven the 2 per cent 
sulfaguanidine mash. Figure 5 shows the 


intact cecal mucosa, Tree of gvametocvtes, of 
a chicken whict vas sacrificed on the eighth 
day. By comparison, figure 4 illustrates the 
large number of game 
mucosa of the corresponding control 

The data in table 2 show that birds given 


ne OD pel ent sulfaguani 


focvtes the cecal 


4a mash containi 
dine produced fewer odcysts than the cor 


responding intreated chickens Further 


<= 


Fig. S—Cecel mucosa showing gametocytes and odcysts 

n the epithelium of contro! chicken on the tenth day 

following inoculation with 100,000 sporulated odcysts 
of Eimeria tenella. Fe hematoxylin. « 80. 
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more, upon autopsy on the ninth and tenth 
days following inoculation, the cecal lesions 
were considerably milder and, microscopi- 
cally, the gametocytes and odcysts were 
either absent or present in conspicuously 
smaller numbers than in the corresponding 
untreated chickens. The fact that the feces 
of the treated birds contained only 100 
oécysts per gram indicated that only a few 
of the gametocytes reached maturity to 
form odcysts and therefore that the life 
cycle of EB. tenel'a was interrupted by the 
action of the drug on schizogony. 
Sulfaguanidine Concentrations in_ the 
Cecums.—The average concentration of sul- 
faguanidine in the cecums at the time of 
sacrifice of the chickens given 2.0 per cent 
of the drug in the mash was 2,305 mg. per 
100 Gm. of cecal contents with a range 
varying from 1,040 to 4,105 mg. per 100 
Gm. Chickens given the 0.5 per cent sulfa- 
guanidine mash showed a greater fluctua- 
tion in the amount of drug in the cecal 
contents, the average being 392.85 mg. per 
100 Gm. of material with the range varying 
from 60 to 872 mg. per 100 Gm. of feces. 
The lowest sulfaguanidine concentrations in 
the cecums of chickens which received the 
0.5 per cent sulfaguanidine mash were 
found on the fifth day, which is the period 
when the parasites have caused the most se 
vere damage. It is possible that the condi- 
tion of the individual birds may have some 
influence upon the amount of drug con- 
sumed and its accumulation in the cecums 
No blood-sulfaguanidine levels were de- 
termined. However, in another experiment, 
the average drug concentration in the blood 
of normal chickens given 0.5 per cent and 
2.0 per cent sulfaguanidine mash was found 
to be 2.604 1.31 and 12.872 6.21 mg. per 
100 ce. of blood, respectively.” 


SUMMARY AND CONCLUSIONS 


1) This paper reports the results of ex- 
periments to determine the stage in the life 
cycle of the protozoon which is affected by 
sulfaguanidine. In this work, groups of 
chickens were inoculated with sporulated 
obevata of Eimeria tenella and, immediate- 
ly following, were either continuously fed 
mash containing 2.0 per cent or 0.5 per cent 
sulfaguanidine or left untreated as controls. 
Beginning forty-eight hours after inocula- 
tion, 2 chicks from each of the treated and 
untreated groups were sacrificed daily to 


permit histopathologic examination of the 
cecums and sulfaguanidine determination 
of their cecal contents 

2) Mashes containing 2.0 per cent and 
0.5 per cent sulfaguanidine fed ad libitum 
had no demonstrable effect upon the sporo- 
zoites. 

3) Sulfaguanidine in the mash, given at 
the rate of either 2.0 per cent or 0.5 per cent 
showed evidence of coccidiostasis upon the 
first generation schizonts. 

4) The 2.0 per cent sulfaguanidine mash 
was coccidiocidal to the second generation 
schizonts in the lamina propria. No evidence 
of degeneration of schizonts was found in 
chickens given 0.5 per cent sulfaguanidine 
mash, but the asexual cycle was assumed to 
be indirectly affected by the action of the 
drug upon the merozoites in the lumen of 
the cecums. This limited the extent of 
further parasitism of the tissues. 

5) These data suggest that sulfayuani- 
dine exerts coccidiostatic and coccidiocidal 
actions upon the schizogonous stages of 
E. tenella: the degree of the effectiveness 
was influenced by the amount of drug ad- 
ministered. 
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A Whole Blood, Rapid Agglutination Test 


for Avian Tuberculosis—A Preliminary Report 


ALFRED G. KARLSON, D.V.M., Ph.D., M. R. ZINOBER, D.V.M., 
and WILLIAM H. FELDMAN, D.V.M., D.Sc. 


Rochester, Minnesota, 


THE PRESENT method of testing chickens 
for tuberculosis requires that each flock be 
handled twice Avian tuberculin must be 
carefully injected intracutaneously in the 
wattle and each chicken must be handled 
again forty-eight hours later in order to 
observe the results.* Obviously, this limits 
the number of flocks that can be tested by 1 
veterinarian in a given length of time and, 
furthermore, may occasion some objections 
on the part of the caretaker who must 
arrange for confining the flock and handling 
ea h chicken on two successive occasions 
forty-eight hours apart. In contrast, the 
testing of chickens for pullorum disease by 
the whole blood, rapid agglutination test is 
a less time-consuming procedure. The birds 
are confined and tested at once and reactors 
are disposed of immediately without a sec- 
ond handling 

The possibility of using a whole blood, 
rapid agglutination test for avian tuber 
culosis was suggested by the work of Moses, 
Feldman, and Mann,' who described a 
serum rapid agglutination test as an aid in 
the diagnosis of tuberculosis in pigeons and 
chickens These workers succeeded in pre- 
paring a stable, concentrated suspension of 
avian tubercle bacilli which could be used 
as an antigen for the rapid plate agglutina- 
tion test with serum. Comparisons of the 
tuberculin tests, necropsy findings, and 
serum rapid agglutination test on a flock 
of 50 chickens revealed that, although the 
agglutination test may fail to disclose mini- 
mal tuberculous infections, it may have a 
reliability comparable to that of the tuber 
culin test 

The serum rapid agylutination test for 
avian tuberculosis may be of value for lab- 
oratory use, but it is obviously of no ad- 
vantaye over the tuberculin test for field 


and St Paul, Minnesota 


testing when one considers the time re- 
quired to collect blood specimens from each 
bird and to separate the serum before doing 
the test Furthermore, such a procedure 
requires that every bird be banded for iden- 
tification and that each bird be handled a 
second time to identify reactors. 

It was thought desirable to explore the 
possibility of using a concentrated antigen 
of avian tubercle bacilli for a rapid, whok 
blood, agglutination test that could be done 
by mixing on a glass plate 1 drop of fresh 
whole blood with 1 drop of antigen and re 
cording the results of the test within one 
minute. If successful, such a test could be 
done at the same time as the whole blood, 
rapid plate agglutination test for pullorum 
disease. Each bird could be held or other 
wise confined until completion of the test 


MFrHops 


Preparatu Auntiges In this explora 
tory nvestigation, we were not immediately 
concerned with studies of procedures for pre 


paring concentrated antigen of avian tubercle 


bacilli The main problem at the outset was 
to select cultures ef avian tubercle bacilli 
which would produce uniform and stable sus 
pensions Forty trains of aviai tubercle 


bacilli were available from which to select 


cultures which could be grown in relatively 
large quantities and wv h would not show 
autoagylutinatior Fifteen were stack cul 
tures of avian tubercle bacilli that had been 
maintained on egy-volk agar medium for two 
to five years, and 25 had been recently isolated 
from chickens obtained from farm flocks 
Proskauer and Beck liquid synthetic medium 
was used for growing the cultures because it 
s routinel in our laboratory’ and 


we had prev obverved that avian tubercle 
vacilli w produce a uniformly turbid growth 


n this medium without granular el imp forma 


tion 

The liquid medium was placed in 250-ml 
Erlenmeyer flasks in 100-ml. amounts Two 
flasks were used for each of the 40 strains of 
avian tubercle bacilli rhe medium was inocu 


lated by rubbing a loopful of culture on the 
inner wal] of the flask at the level of the liquid 
so that the bacilli would disperse evenly in 


the medium. After three weeks of incubation 
at 


17 C.. the growth was removed by centrifu 
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gation and washed three times in sterile water 
containing 0.5 per cent phenol After the 
third washing, the bacilli were suspended at a 
concentration of 10 per cent by volume in 
physiologic saline solution containing 0.5 per 
cent phenol. This 
antigen for subsequent tests 

3 to 4 mil. of antigen could be 
each pair of flask» 


uspension was used as the 
Approximately, 
prepared from 


Fig. |-—Whole blood rapid agglutination test for avian 
tuberculosis. The two upper tests were made with whole 
blood from chickens that were tuberculin-positive and 
were found to have lesions typical of the disease. The 
two lower tests were made from tuberculin-negative 
chickens which had no demonstrable lesions. The posi 
tive reactions were discernible in one minute. The photo 
graph was made ten minutes later in order to show the 
absence of clumping in the negative tests after a rela 
tively long period 


In addition to the 40 antigens prepared from 


growth on the liquid synthetic medium, 14 were 


prepared from growth on egg-yolk agar, which 


is routinely available in our laboratory The 


egg-yolk agar medium, which wa lanted in 


2-oZ. prescription bottles, wa inoculated by 
distributing 1 ml. of a suspension of avian 
tubercle bacilli over the surface by means of 


of egg-yolk agar were 
Aftet 


incubation, the growth was 


a pipette. Four bottle 
inoculated with each of the 14 
three weeks of 
washed off the 
logic saline solution 
pheno! After being 
bacilli were suspended in a 10 per cent con 


strains 


surface of the agar wit! physio- 


containing 0.5 per cent 


washed three times, the 


centration in physiologic saline solution con- 
taining 0.5 per cent phenol for subsequent 
use as an antiger From 1 to 2 ml. of antigen 


could be prepared from the four bottles of agar 

Stability of the Antigens.—Seventeen of the 
40 antigens Drops of 
antigens 


were unst these 


promptly showed autoagglutination 


when placed on a warmed glass plate. The bac- 
teria rapidly clumped when drops of the anti- 
gen were mixed with either physiologic saline 
solution, norma! 
chicken serum, as well as with serum from 
tuberculous chickens No further work was 
done with the unstable antigens or the cultures 
from which they were prepared 


normal horse serum, or 


It is not known whether the phenomenon of 
autoagglutination is inherent in the particular 
strains that showed it or whether it is a result 
of the method of cultivation. Strains which 
produced unstable 
synthetic 


antigen when cultured on 


the liquid medium also produced 
autoagglutinable antigens 
egg-yolk agar. The occurrence of autoagglu- 
tination was not apparently related to the age 
of the culture, since it was noted in the anti- 
gens prepared from six of the 15 stock cul- 
tures and in 11 of the 25 recently isolated 
cultures, In four instances, cultures from dif- 
ferent chickens farm yielded 
both stable and unstable antigens 


when cultured on 


from the same 


Further investigations must be made to de- 
termine, if possible, the causes of the auto- 
agglutination of some strains of avian tuber- 
cle bacilli 
Each of the 23 


antigens which did not show autoagglutination 


Specificity of the Antigens 


Was tested for specificity by using rapid serum 
agglutination tests with 17 serums from nor 


mal chickens and 25 ims from tuberculous 


chickens. These 25 serum represented nine 
different farm flocks from which the tubercu- 
lous birds were obtained. The tests were done 
by mixing on a warmed glass plate 1 drop of 
antigen with 1 drop of serum The presence 


aywiutinatior was 


or absence of recorded in 
one minute 

len of the 23 antigens showed some reac- 
normal chickens. These 
reactions varied from slow and incomplete to 
more of the 


these tests, there was 


tion with serum fron 


rapid and complete with six or 
17 newative serums In 
no evidence of autoagglutination in the drops 
of whole antigen or in the mixtures of antigen 
and physiologic These ten 
were excluded for further studies. 
The cause of the agglutination of ten of the 
otherwise stable serum from 
chickens that had no demonstrable evidence of 
explainable by the informa- 


saline solution. 


antigens 


antigens with 


tuberculosis is not 
tion available 
Only 13 antigens remained for further study 
after excluding those showing autoagglutina- 
tion and those which reacted with some of the 
presumably ne chickens. 
Fight of the 13 appeared to be less sensitive 
than the others because they were agglutinated 
with less than #0 per cent of the positive se- 
The st 


The procedures deseribed ir 


serum from rmal 


were discarded 


previous para- 
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graphs for selecting suitable antigens for field 
trials with whole blood limited the number of 
antigens to five from the original total of 40 
Four of the five were recently isolated cultures 
obtained from chickens from different farms 
The other culture had been maintained in our 
stock culture collection for approximately four 
years, 


TRIALS 


A comparison of the tuberculin test and the 
whole blood, rapid agglutination test was made 
on four farm flocks with a total of 282 chick 
ens. The whole blood, agglutination test was 
used on each bird at the time of observation of 
the results of the tuberculin test (Studies 
in a flock of 40 chickens known to be free of 
tuberculosis indicated that the injection of 
avian tuberculin in the usual manner would 
not result in a positive whole blood, rapid ag 
glutination reaction when the chickens were 
tested forty-eight hours later.) 

The whole blood, agglutination test was done 
by mixing on a warm plate | drop of blood with 
1 drop of antigen and recording the results in 
one minute The blood was procured from 
each chicken by pricking a point of the comb 
with an 18-gauge hypodermic needle and col- 
lecting a drop of the blood on the edge of a 
glass microscope slide Ry means of the giass 
slide, the blood was immediately mixed with a 
drop of antigen previously placed on the glass 
plate. The plate was gently rocked and placed 
on a box warmed by two 60-watt bulbs.” Fig- 
ure 1 presents two positive and two negative 
reactions The clumping of the antigen 1s 
readily seen in the two positive reactions 

It was found to be impractical to test each 
chicken with each of the five antigens. After 
24 chickens had been tested with each of the 
antigens, it was observed that there was no 
apparent difference between the antigens, and 
one was then arbitrarily selected for the re 
mainder of the tests 

The results of the field tests on farm flocks 
are recorded in table 1. It will be noted that 
tuberculin-positive chickens were found ir 
each of the first three flocks. These were 
farm flocks consisting of pullets and old hens 
which had free range vf the premises. Every 
chicken that had a positive tuberculin reaction 
also had a positive agglutination reaction In 
addition, there were a few chickens in eac! of 
these flocks that failed to react to tuberculin 
but gave a positive agglutinatior reactior It 
is of interest that in flock 4, where thefe were 
no tuberculin reactions, there were no ag- 
glutination reactors This flock consisted of 
year-old chickens which were not allowed free 
range of the farm. 
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The 14 birds that showed no tuberculin sen- 
sitivity but which were positive to the aggluti- 
nation test were subjected to further study 
One bird was found to have several ulcera 
tive tuberculous lesions involving the ileoceca! 
junction plus a large, single tubercle in the 
spleen. A second bird had a few small tuber 
cles in the liver only No grossly visible 
esions were demonstrable in uny of the 12 re 
maining birds. Portions of liver, spleen, lungs, 
kidneys, bone marrow, and ileocecal Junction 
were preserved from each chicken for histo 
logic examination The liver and spleen were 
cultured for avian tubercle bacilli Serum 
specimens for further agglutination tests were 
»btained from @ of the 14 birds, including the 


2 with visible lesions Each of the nine 
serums agglutinated avian tubercle bacilli 
when tested in the laboratory Five of the 
nine serums were tested six months later It 


was found that they still agglutinated suspen- 
sions of avian tubercle bacilli (The other 
four serums were not available for examina 
tion.) 

Avian tubercle bacilli were isolated from 
the liver and spleen of the 2 chickens that had 
lesions demonstrable on necropsy and acid 


TABLE |—Results of the Tuberculin Test and of the 
Whole Blood, Rapid Agglutination Test for Avian 
Tuberculosis in Four Farm Flocks of Chickens® 


fast bacilli were demonstrable in the micro 
Histologically, the lesions 
were typical of spontaneous avian tuberculosis 

Cultures of the liver and spleen of the 12 
chickens that had no visible lesions failed to 
show any growth after ninety days of incu 
bation No acid-fast bacilli could be demor 
strated in tissue sections, nor was there any 


scopic sections. 


histologic evidence of tuberculosis in the sec 
tions of liver, spleen, kidneys, bone marrow 
or ileocecal junction 


COMMENT 


This pilot study discloses many problems 
that await further investigation. Of the 
40 cultures used to prepare antigens, 17 
produced suspensions that agglutinated 
spontaneously Such cultures should be 
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tests were done with a testing box bor 
mally sed for the serum rapid plate test for 
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studied to determine the factors responsible 
for autoagglutination and thus establish 
criteria for selecting suitable strains for the 
production of antigens. Incidental obser- 
vations in this work suggested that the age 
of the culture and the method of cultiva 
tion, either on solid or on liquid medium, 
did not affect the stability of the antigens, 
but the limited observations are not con- 
clusive. No attempt was made to determine 
the effect of pH of the suspending solution, 
the comparative effects of phenol and form- 
aldehyde as a preservative, or the effect 
of using dyes to color the antigen A 10 
per cent suspension was arbitrarily selected 
because at that concentration the clumping 
of the bacteria in positive serum was clearly 
visible. Clumping was readily seen when 
used with w hole blood. It is obviously neces- 
sary to learn if such a heavy concentration 
is necessary and whether it may be respon- 
sible for prozonal inhibition of agglutina- 
thon. 

The fact that only five of 25 stable cul- 
tures showed a high degree of specificity 
when tested with known positive serum 
brings up the question of type-specific anti- 
gens. Is there sufficient serologic difference 
among strains of avian tubercle bacilli to 
require the use of polyvalent antigens for a 


whole blood, agglutination test? Rotach* 
has recently reviewed the serologic differ 
ences that exist among strains of avian 


tubercle bacilli and has shown that with the 
strains he studied there is cross agglutina 
tion in spite of the oecurrence of type 
specific antigens 

The role of the saprophyti 
bacteria in the formation of agglutinins 
against tubercle bacilli as well as 
their significance in sensitizing chickens to 
avian tuberculin should be examined It 
has been demonstrated that certain sapro 
phytic acid-fast microorganisms found 
tissues of animals are serologically related 
to avian tubercle bacilli 

Of particular interest in this study are 
the 14 chickens which failed to react to 
tuberculin but which did react to the 
blood, agglutination test Two had lesions 
typical of avian tuberculosis but neither had 


acid-fast 


avian 


extensive disease such us is usually associ 
ated with anergy to tuberculin The other 
12 chickens in this group present a prob 


lem since they had no lesions that could be 


demonstrated grossly or histologically, mon 
was it possible to isolate acid-fast bacteria 
from their spleens or livers It may be 
significant that these chickens came only 
from flocks where the disease was known to 
exist, and that no such birds were found 
in the one flock that was known to be free 
of avian tuberculosis It is possible that 
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these 12 chickens had been recently in- 
fected and that the lesions were too small 
to be demonstrated. The lesions, if present, 
may have been located elsewhere than the 
spleens or livers, which were the only or- 
vans cultured. This consideration presents 
the question whether agglutinins or tuber 
culin sensitivity appears first 


SUMMARY AND CONCLUSIONS 


Concentrated antigens for a whole blood, 
rapid agglutination test for avian tubercu- 
were prepared from 40. strains of 
avian tubercle bacilli grown in liquid syn- 
thetic medium. Seventeen of the 40 cultures 
produced antigens which could not be used 
because of autoagglutination Only five of 
the remaining 23 antigens showed a high 
degree of specificity when tested with serum 
from tuberculous chickens and from normal 
chickens. A comparison of the tuberculin 
reaction and the whole blood, plate agwluti 
nation test was made on four farm flocks 
with a total of 282 birds. Forty-four re 
acted to the tuberculin test and each of 
these also gave a positive agglutination re 
action No birds had tuberculin 
reactions and negative agglutination reac- 
tions, but there were 14 in which the tuber 
culin reaction was negative and the aggluti- 
nation rea Two of these 14 
had grossly visible lesions of tuberculosis 
The other 12 had no lesions demonstrable 
at necropsy nor was it possible to demon 
strate lesions ol acid-fast bat illi by his- 
tologk or cultural proced ires The chick 
ens that reacted only to the agglutination 
test came from three farms where avian 
tuberculosis was known to exist There 
were no agglutination reactors in the one 
flock that had no tuberculin reactors 


The 


losis 


positive 


lon positive 


made so far 
that rapid agglutina 
for avian tuberculosis can be used to detect 
infected flocks The test requires less time 
than the tuberculin test and could be done 
at the same time as the whole blood test fon 
pullorum Further work is re- 
quired to itable strains of avian 
tubercle bacilli for the preparation of anti- 
yens In addition, it will be 
determine the optimal conditions of growth 


suyyest 


t} 


ion test 


observations 


aw hole 


disease 


select s 


necessary to 


of suitable strains, the optimal concentra- 
tion of the antigen, the optimal pH, and 
the effect of preservatives on the antigens 


itv of the whole blood, agglutina- 
in tuberculosis must be de- 
with the results 
examination, 


The specific 
tion test for ay 
termined by comparing it 
of tuberculin tests, path ogre 
and bacter jologic proc ed ires The data ob- 
tained in this preliminary study seem suf- 
ficiently justifv a more com- 


significant to 
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prehensive investigation of a procedure 
that might prove useful in detecting avian 
tuberculous infections. 
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IN A RECENT study of floor brooding, chicks 
died in large numbers when brooded on 
litter (bagasse) treated with a spray con- 
taining 1 Ib. of DDT,* 1 Ib. of chlordan,** 
and 114 oz. of lethane (B-72)+ in 10 qt. of 
water. The rate of death rose precipitously 
forty-eight to seventy-two hours following 
exposure to the treated litter. Many chicks 
were hyperexcitable, trembled, and entered 
into clonic spasms. Whereas moribund 
chicks did not manifest any nasal dis- 
charge, dead chicks disclosed catarrhal dis- 
charges in their sinuses. Upon postmortem 
examination, considerable amounts of ba- 
vasse were found in crops and gizzards. 
The livers were enlarged about 50 per cent 
and, when sectioned, appeared markedly 
congested, Bacteriologic cultures and he- 
magglutination-inhibition (HI) tests for 
Newcastle disease (avian pneumoencepha- 
litis) were negative. Unsprayed bagasse, 
when fed to chicks for a short time, had no 
adverse effect. When the spray suspension 
alone was introduced into other chicks, 
comparable symptoms and lesions were ob- 
served 
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According to Schwarte,” dry DDT crystals 
and the water-dispersible preparations, used 
in reasonable quantities as indicated for their 
use in insect control, did not cause toxic re- 


actions in domestic poultry. He states, “From 
the results of experimental studies, .t would 
appear that great quantities of 5 to 10 per 
cent DDT preparations would have to be in 
gested, inhaled, or dusted upon the bird to 
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cause an unfavorable reaction.” Woodward 
et al reported 100 per cent mortality due 
to 0.10 per cent DDT within three to ten days 
when fed to chicks weighing 57 to 79 Gm. 
These workers induced total mortality within 
four to sixteen days when a comparable group 
of chicks were fed a 0.05 per cent DDT-mash 
mixture. The symptoms (i.¢., nervousness, 
sensitivity to stimuli, and fine tremors) were 
observed among our floor-brooded chicks. Rubin 
et al.‘ reported that 0.25 per cent of DDT in an 
all-mash ration poisoned 100 per cent of adult 
birds within twelve weeks, and 0.126 per cent 
was toxic to 90 per cent in the same experi- 
ment. DDT also affected adversely the appe- 
tite, body weight, egg production, and hatch- 
ability. Marsden and Bird' fed DDT to 
4'2-month-old turkeys and observed that as 
little as 0.075 per cent was toxic when fed dur- 
ing a period of eight weeks. McNeil and Hin- 
shaw’ did not observe any injurious effect of 
DDT on poults that had been placed in houses 
sprayed with 2 and 4 lb. per 100 gal. of water 
of a wettable product containing 10 per cent 
DDT in bentonite. Nelson et al.” reported a de- 
tailed histopathologic study of the effects of 
DDT on several animal species, including 
chickens. 

No papers were located dealing with the 
toxic effects of chlordan in poultry. 

Since symptoms other than those de- 
seribed for DDT poisoning were observed, 
this investigation was undertaken to ob- 
serve gross and histopathologic similarities 
and differences among chicks treated sep- 
arately with DDT and chlordan. Lethane 
was also tested, since it was used in the 
insecticidal spray. 


PROCEDURE 


The 126, day-old chicks used were “ran- 
domized” into seven lots and placed in an elec- 
tric battery brooder. They were fed a stand- 
ard chick starter ration. On the seventh day, 
DDT, chlordan, and lethane were incorporated 
into this ration and fed continuously for four- 
teen days (table 1). 

These insecticides were dry mixed in pro- 
portion to the total weight of the ration. Ob- 
servations were made every six hours follow- 
ing the introduction of the treated mashes and 
all dead chicks were autopsied. 

Bacteriologic cultures of the visceral organs 
were made of samples from each group. Com- 


= 
Published with the approva of the LDeirector f 

the Universit f tlawa \gr itural bxperiment 
Station as technical paper Is! 
(142) 
en... 


January, 1950 


posite HI tests for Newcastle disease were run 
The liver and lungs from representative groups 
were sectioned. 


RESULTS 


The distribution of death due to the tox- 
icity of DDT and chlordan is shown in 
table 2. DDT and chlordan proved toxic at 


TABLE !|—Ration Fed to Chicks 


Lat 
Nou Ra 
1 ‘ ticides 
2 ntaining ® per cer 
3 ‘ ntaining f per nt 
‘4 ntaining per ent 
5 ( ntaining ) per er 
6 ( ontaining | pe er 
lethane 
7 Control ration containing 6.125 per cent 
ethar 
*Genitox per ent wettabl: containing not 
less than per cent DDT 


**bowklor. # per cent wettabl containing 24 
per cent chlordan and 16 per cent related com 


both concentrations. In general, both in- 
secticides caused earlier deaths at the 0.5 
per cent than at the 0.25 per cent level. As 
may be seen in table 2, the chicks fed 
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% Mortality 
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TABLE 2—Percentage Distribution of Mortality of Chicks Fed ODT, Chlordan, and Lethane 


‘ercentage 


chiordan at either level died earlier and in 
a shorter period of time than those fed 
DDT. Lethane did not cause any mortality 
at either of the levels. 

The symptoms induced by chlordan were 
different from those caused by DDT. The 
chicks fed chlordan (0.5%) chirped nerv- 
ously, and those seriously afflicted were 
down on their hocks or on their sides within 
twenty-four hours. No apparent symptoms 
were observed among the DDT-fed chicks 
to that time, although definite symptoms 
of toxicity were noted at thirty hours. No 
nervous tremors or apprehensiveness, par- 
ticularly to sudden noises, were observed 
among the chlordan-fed chicks. These 
chicks, however, did enter terminal agonal 
stages of excitability. Mucous exudate in 
the nasal passages was frequently seen in 
chicks killed by chlordan. DDT, on the 
other hand, within thirty-six hours, in- 
duced marked tremors and hyperexcitabil- 
ity which continued until death, DDT-fed 
chicks continued to eat until seriously 
afflicted. Chlordan-fed chicks ate much less 
feed after they were affected. 

Consistent gross pathognomic lesions 
were not present in chicks that died from 
either chlordan or DDT. Histopathologic 
studies of the liver and lungs did not re- 
veal any definite pathologic changes in the 
5 birds examined from each group. 
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DISCUSSION 


There seem to be no symptoms charac- 
teristic of chlordan or DDT poisoning of 
chicks. The discharge in the nares follow- 
ing the agonal stages of chlordan poison- 
ing could be misconstrued as some respira- 
tory disturbance. The nervous manifesta- 
tions of DDT poisoning may be confused 
with the nervous forms of other diseases. 
Together, these insecticides offer many dif- 
ficulties in the diagnosis of samples sub- 
mitted at a pathologic laboratory It is 
doubtful if a correct diagnosis by gross or 
microscopic examination could be made on 
poisonings by these two products without 
an adequate history. 

Because chlordan and DDT are extremely 
toxic to chicks, it is apparent that caution 
must be exercised in their use. Strong 
concentrations should be avoided, especially 
in areas accessible to chicks. It has been 
observed that chicks will readily ingest 
freshly prepared bagasse and therefore the 
spraying of such a litter with chlordan or 
DDT should be avoided, 


SUMMARY 


DDT, chlordan, and lethane were fed to 
week-old chicks. Whereas, lethane was not 
toxic at the levels fed, DDT and chlordan 
were toxic. Chicks fed chlordan died earlier 
and in a shorter span than those fed DDT. 

It was not possible in this investigation 


to differentiate, either by autopsy or his- 
topathologic studies, between DDT and 
chlordan poisoning. There were no def- 
inite pathologic changes ascribable to 
either insecticide. It is not likely that a 
correct diagnosis of poisoning by either 
DDT or chlordan can be made by gross or 
microscopic pathology without an adequate 
history. 

This study was not designed to deter- 
mine the efficiencies of various sprays; 
therefore, we cannot make any recom- 
mendations as to the effective limit that 
the spray may be used and yet avoid tox- 
icity. Dr. J. E. Alicata, University of 


Hawaii, is at present working on that 
problem. 
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